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About the Cover

The cover of this User's Guide was produced by Ferret. From the top down the plots are: "TOGA-TAO SST," time series
from the Tropical Pacific TAO array; "Levitus Climatological SST," an equal area projection of level one of the annual
Climatological Atlas of the World Oceans by Sydney Levitus of NOAA/NODC; "Perturbation Solution," a visualization

of abstract functions by Dr. Ping Chang; "Vents Megaplume Thermal Structure," vertical temperature profiles of undersea
thermal vents from the NOAA Vents program.
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desc(id, desc)

num args(id, num)

axis inheritance(id, Xsrc, Ysrc, Zsrc, Tsrec)

piecemeal ok(id, Xyn, Yyn, Zyn, Tyn)

arg name(id, arg, name)

arg desc(id, arg, desc)

arg unit(id, arg, unit)

arg type(id, arg, type)

axis extend(id, arg, axis, lo amt, hi amt)

axis influence(id, arg, Xyn, Yyn, Zyn, Tyn)

axis reduction(id, Xred, Yred, Zred, Tred)

axis limits(id, axis, 1o, hi)

custom axis(id, axis, lo, hi, delta, unit, modul 0)

num work arrays(id, nwork)

work array dims(id, iarray, xlo, vlo, zlo, tlo, xhi, yhi, zhi, thi)

res subscripts(id, res lo ss, res hi ss, res incr)

arg info(id, iarg, arg name, arg title, arg units)

arg string(id, iarg, text)

axis info(id, iarg, axname, ax units, backward, modulo, regular)

axis dates(id, iarg, taxis, numtimes, datebuf)

arg subscripts(id, arg o ss, arg hi ss, arg incr)

arg ss extremes(id, num args, SS min, SS max)

bad flags(id, bad flag, bad flag result)

coordinates(id, arg, axis, |o, hi, coords)

box size(id, arg, axis, o, hi, size)

box limits(id, arg, axis, lo, hi, lo lims, hi [ims)

one val(id, arg, value)

version test (version)

1. ef st
2. ef st
3. ef st
4, ef set
5 e st
6. ef set
7. ef set
8. ef st
0. ef st
10. ef set
11. ef set
12. ef set
13. ef set
14. ef set
15. ef set
16. ef get
17. ef get
18. ef get
10. ef get
20. ef get
21. ef get
22. ef get
23. ef get
24. ef get
25. ef get
26. ef get
27. ef get
28. «f
29. of

bail out(id, text)
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LET
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PPLUS
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REPEAT

SAVE
SAY
SET
1. SET AXIS




SET DATA SET
SET EXPRESSION
SET GRID
SET LIST
SET MEMORY
SET MODE
SET MODE ASCII_FONT
SET MODE CALENDAR
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SET MODE DESPERATE
SET MODE DIAGNOSTIC
SET MODE GRATICULE
SET MODE IGNORE_ERROR
SET MODE INTERPOLATE
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SET MODE LOGO
SET MODE JOURNAL
SET MODE LATIT LABEL
SET MODE LONG LABEL
SET MODE METAFILE
SET MODE PPLLIST
SET MODE REFRESH
SET MODE SEGMENTS
SET MODE STUPID
SET MODE VERIFY
20. SET MODE WAIT
8. SET MOVIE
9. SET REGION

10. SET VARIABLE

11. SET VIEWPORT

12. SET WINDOW
32. SHADE
33. SHOW
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Appendix A: EXTERNAL FUNCTIONS

COMPRESSI
COMPRESS]
COMPRESSK
COMPRESSL
COMPRESS|I BY
COMPRESSJ BY
COMPRESSK_BY
COMPRESSL_BY
CONVOLVEI
CURV_TO RECT MAP
. CURV_TO RECT
RECT TO CURV
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EOF STAT

EOF TFUNC
FINDHI

FINDLO

FET_IM

FFT_RE
FFET_INVERSE
LSL_LOWPASS
MINUTES24
WRITEVSD

XCAT

YCAT

ZCAT

TCAT
ZAXREPLACE AVG
ZAXREPLACE BIN

Appendix B: PPLUS Users Guide

1.
2.

3.

4.

INTRODUCTION
GETTING STARTED
1. VAX/VMS
2. Required Definitions
1. Optional Definitions
COMMAND FORMAT
1. THE COMMANDS
COMMAND SYNOPSIS
1. FILES
1. DataFiles
2. Other Data Entry
3. PPLUS Output Files
4. PPLUS Command Files
2. AXIS
1. X-AndY-axis
2. Time Axis
3. LABELS
4. COMMAND PROCEDURES
5. COLOR AND FONTS
6
7

PLOT APPEARANCE
PLOT GENERATION




8. DATA MANIPULATION
9. HELP
5. BEGINNERS GUIDE
1. FORMAT
2. 5.2 VARS
3. SKPAND RD
4. PLOT AND CONTOUR
5. EXAMPLES
1. Unformatted Data, X-Y Plot
2. Pre-gridded Data, Contour Plot
3. Ungridded Data, Contour Plot
4. Time Series Plot
6. ROUTING PLOT FILES
1. VAX/VMS
1. Plot Files And Mom
2. Plotting Devices
3. Examples
7. PPLUSCOMMAND FILES
INTRODUCTION
SYMBOL SUBSTITUTION
GENERAL GLOBAL SYMBOLS
EPIC GLOBAL SYMBOLS
COMMAND FILELOGIC
ARITHMETIC
SYMBOL ARRAYS
SPECIAL FUNCTIONS
$EDIT
$EXTRACT
$INTEGER
$LENGTH
$LOCATE
. SELEMENT
9. LABELS
1. AXISLABELING
2. EMBEDDED STRING COMMANDS
3. Pen Selection
4. Character Slant
5. Subscripting, Superscripting And Back Spacing
10. DATA FORMATS
1. SEQUENTIAL FORMATS
2. BIBO FORMAT
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3. EPIC FORMAT
4. DSF FORMAT
11. ADVANCED COMMANDS
%OPNPL T/qualifier
%CL SPLT/qualifiers
%PLTLIN,N
%L ABEL /qualifier,x,y,ipos,ang,chsiz,|abel
%RANGE, min,max,ntic
%XAXIS/qualifier,xlow,xhigh,xtic,y[,nmstc][,lint][ ,xunit][,ipos][,csize] [ ,frmt]
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%Y AX1S/qualifier,ylow,yhigh,ytic,X[,nmstc][,lint]
[,yunit][,ipos|[,csize][ ,frmt]
8. PLOT5, PPLUS DIFFERENCES

9. COMMAND DESCRIPTION

@file name/qualifier argl arg2 arg3 ...
AUTO,ON/OFF
AUTOLAB,ON/OFF
AXATICATICX,ATICY
AXLABP,LABX,LABY
AXLEN,XLEN,YLEN
AXLINT,LINTX,LINTY
AXLSZEHGTX,HGTY
AXNMTC,NMTCX,NMTCY
AXNSIG,NSIGX,NSIGY
AXSET, TOP,BOT,LEFT,RIGHT
AXTYPE,TYPEX,TYPEY

. BAUD,IB

BOX,ON/OFF

. C

. CLSPLT

. CONPRE,prefix

. CONPST ,postfix

. CONSET,HGT,NSIG,NARC,DASHLN,SPACLN,CAY,NRNG,DSLAB
CROSS,ICODE

. DATPT type,mark

. DEBUG on/off

. DEC symbol

DELETE symbol

. DFLTFENT  font

. DIRarg

. ECHO,on/off

. ENGLISH
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
4]1.
42.
43.
44,
45,
46.
47.
48.
49.
50.
ol.
92.
53.
4.
55.
56.
S7.
58.
99.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

ENTER

EVAR/qualifier,x-var,y-var

GET file name

GRID[,LINEAR]

HELP,arg

HLABS,n,height

HLP,arg

F expression THEN

INC sym

LABS/qudlifier,n,X,Y ,JST,label
LABSET,HLAB1,HXLAB,HYLAB,HLABS
LEV,arg,arg,arg ...
LIMITS,value,comparison,flag
LINE,n,MARK,TY PE,XOFF,YOFF,DN1,UP1,DN2,UP2
LINFIT,n,XIMIN,XIMAX,XOMIN,XOMAX
LIST,IMIN,IMAX,JMIN,JMAX,VCOMP,arg
LISTSYM

LLABSNnX,Y,TYPE

MARKH,n,SIZE

METRIC

NLINES

ORIGIN,XORG,YORG

PEN,n,ipen

PLOT/qualifiers,label
PLOTV/qualifiers VANG,INC,label
PLOTUV/quaifiers VANG,INC,label
PLTNME,fname

PLTYPE,ICODE
RD/qualifier,NX,NY,TYPE,n,file name
RESET

RETURN

RLABS,N,ANG

ROTATE,ON/OFF

RWD,file name

SAVE/file name

SET sym arg

SHOW symbol

SIZE,width,height

SKP,n,file name

SMOQTH,n

SPAWN




70. TAXIS/qudifier,DT,arg
71. TEKNMELfname]
72. TICSSMX,LGX,SMY LGY, IX,IY
73. TIME,TMIN,TMAX,TSTART
74. TITLEHLAB,label
75. TKTYPE,TYPE
76. TRANSXY ,nXFACT XOFF,YFACT,YOFF
77. TXLABP,n
78. TXLINT, low inthi int
79. TXLSZE,ht
80. TXNMTC,n
81. TXTYPEtypestyle
82. VARSNGRP,A1,A2,A3,... Ai
83. VECKEY/qualifier,x,y,ipos,format
84. VECSET length,scale
85. VECTOR/qual,skipx,skipy,label
86. VELVCT,rlenfact,inc
87. VIEW/qualifiers,ZSCALE,IC,ZMIN,ZMAX,VCOMP,label
88. WHILE expression THEN
89. WINDOW,ON/OFF
90. XAXISXLOXHIXTIC
91. XFOR,frmt
92. XLAB,label
93. YAXISYLO,YHILYTIC
94. YFOR,frmt
95. YLAB,label
10. FONT TABLES

Appendix C: PLOTPLUS PLUS: Ferret Enhancementsto PLOTPLUS

1. PLOTPLUSHISTORY, EVOLUTION

2. ENHANCED COMMANDS DESCRIPTION

ALINE/qualifier line#, minx, miny, maxx, maxy, set

CLSPLT

COLOR n, red, green, blue

CONSET hgt, nsig, narc, dashin, spacln, cay, nrng, dslab, spline_tension, draftsman

FILL/qualifier
LINE n, mark, use

LIST arg
PEN n, ndx

Nk, wDdNPE




9. PLTNME metafile name
10. PLTYPE icode META
11. SHADE/qualifier

12. SHAKEY do key, orient, klab siz, klab inc, klab dig, klab len, kx 1o, kx_hi, ky lo,
ky_hi
13. SHASET
3. GKSLINEBUNDLES
4. HARD COPY




Index

*

@
region specifier
regridding
transformations
@ASN
regridding transformation
@AVE
transformation @AVE

@CDA transformation
nearest neighbor above

@CDB transformation
nearest neighbor below

@CI A transformation
nearest index below

@CI B transformation
nearest index below

@DDB transformation
backward derivative

@DDC transformation
centered

@DDF transformation
forward derivative

@DIN transformation
definite integral

@EVNT
transformation

@FAYV transformation
averaging filler

@FLN transfor mation
linear interpolation




@FNR transformation
nearest neighbor

@I N transformation
indefinite

@ITP
interpolation

@L OC transformation
location of

@MAX regridding

@M AX transformation
maximum vaue

@MIN transformation
minimum vaue

@MOD transformation

M odulo regridding
@MODMIN regridding statistics

@MODNGD regridding statistics

@MODSUM regridding statistics

@MODV AR regridding statistics

@NBD transformation
number of bad points

@NGD
regridding transformation
transformation

@RSUM transfor mation
running unweighted sum

@SBN transfor mation
binomial smoother

@SBX transfor mation
boxcar smoother

@SHF transformation
shift data

@SHN transfor mation
Hanning smoother

@SPZ transfor mation
Parzen

@SUM
regridding transformation




@SUM transformation
unweighted

@SWL transformation
Welch

@V AR transformation
weighted variance

@WEQ
weighted equal

360 DAY calendar

A

ABS function
abstract expression
abstract variable
ACOS function
action command
algebraic expression
ALIAS

defining

definition

SHOW ALIAS

aliasesfor Ferret commands
ALIAS for DEFINE ALIAS

FILE for SET DATA/EZ
FILL for CONTOUR/FILL
LET for DEFINE VARIABLE
PAUSE for MESSAGE
SAVE for LIST/FORMAT=CDF
SAY for MESSAGE/CONTINUE
UNALIASfor CANCEL ALIAS
USE for SET DATA/FORMAT=CDF
ALINE
pplus command
ambiguous coordinates message
analysis techniques
curvilear coordinate data




polygonal coordinates

sigma coordinate data
animations

FRAME

general discussion

on the fly

viewing

whirlgif
append

time steps to NetCDF file

time to NetCDF, example

to VisaD file
arguments

Qquoted

script
arrow

text |abels
ASCII| data

accessing

output

reading "delimited”

reading, examples

SET DATA/EZ
ASIN function
ASN

regridding transformation
aspect ratio

SET WINDOW/ASPECT
association

@ASN regridding
ATAN function
ATAN2 function
attributes

NetCDF attributes

NetCDF global attributes
autocorrelation

TAUTO COR function
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XAUTO COR function
AVE

regridding transformation
average

@AVE regridding

monthly climatology

over complex regions in space

transformation @AVE
averaging filler

@FAYV transformation
axis

/DEFINE

INOAXIS

box size

CANCEL

CANCEL depth setting

CANCEL modulo setting

customizing

DEFINE

definition of

dynamic

dynamic, definition

inheriting

irregular

label

limits

modulo

monthly, defining
multiple axis plots
NetCDF axis definitions

permuting

plot formats
PLOT/AXES

PPLUS commands
redefining

regular

removing from plot




RETURN=XAXIS etc.
reversed

reversing

SET modulo
transformation

units

values, using

B

background color
indices for

options
backslash syntax
escaping special characters
backward derivative
@DDB transformation
bad/missing data
setting message
bar charts
batch mode
gif output
movie making
postscript output
-script
-server
big-endian
binary data
byte-swapped
output
reading
record structure
SET DATA/EZ
binomial smoother
@SBN transformation
bold
borders, land
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land.jnl
land detailed.jnl

bounds
NetCDF irreqular axes
on SAVE command
bounds, axis
NetCDF attribute
box script
box.jnl, draw a box
box, grid cells
pseudo variables for axes
relation to grid, region
boxcar smoother
@SBX transformation
bullseye

find local min or max
BYTEORDER
byte-swapped files

C

calendar
360 day
axis, discussion
converting time for NetCDF
default
DEFINE AXIS/ICALENDAR
defining calendar axis
Gregorian
MODE CALENDAR
NetCDF attribute
NetCDF conventions
noleap
regridding between
SET AXIS/ICALENDAR
specifying timeat TO
specifying time values




standard
time axes
CANCEL
/ALL
CANCEL ALIAS
CANCEL AXIS
/ALL
/DEPTH
CANCEL DATA
/ALL
CANCEL DATA SET
CANCEL EXPRESSION

CANCEL LIST
JIALL
JAPPEND
[FILE
JFORMAT
JHEAD
JPRECISION
CANCEL MEMORY
JALL
JPERMANENT
JTEMPORARY
CANCEL MODE
CANCEL MOVIE
JIALL
CANCEL REGION
JIALL
NIKIL
IXIYIZIT
CANCEL SYMBOL
CANCEL VARIABLE
JALL
IDATASET
CANCEL WINDOW
JALL




case sensitivity
NetCDF variables
writing to NetCDF
CDA transformation
nearest neighbor above
CDB transformation
nearest neighbor below
CDL file
advanced usage
definition of
for Ferret conversion
sample
using
child_axis
NetCDF
CIA transformation
nearest index below
climatology
climatological axes

creating
CLSPLT
pplus command

CMYK

color postscript
COARDS

definition

NetCDF standard

non-COARDS files
collections

time series

vertical profiles
color

background, plot

contouring

custom control, lines

custom control, shading

Ferret control, lines




Ferret controls, shading
GO tools

hard copy
in HDF movie

lines
lines, PLOT/LINE
of text labels

palette

patterns
PPLUS COL OR command

PPLUS line color
PPLUS PEN
PPLUS shading
PPLUS SHASET

color key
controlling attributes

color key (colorbar)
CONTOUR/KEY

FILL/KEY

POLY GON/KEY

WHERE to position
color_thickness

for contour lines

for lines
columns

LIST/WIDTH=columns

SET DATA/COLUMNS examples

SET DATA/EZ/COLUMNS=

SET DATA/STREAM/COLUMNS=
COLUMNS

aliasfor SET DATA/FORM=DELIMITED
command

abbreviated syntax

Commands Reference

continuation
executing a Unix command
SHOW
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gntax
command line

starting Ferret
Unix command

COMMON _YEAR caendar
COMPRESSI
COMPRESSI BY
compressing data
COMPRESS]
COMPRESSJ BY
COMPRESSK
COMPRESSK BY
COMPRESSL
COMPRESSL BY
concatenation

of data, inT

of data, in X

of data, in Y

of data, inZ

of strings
confidence interval, plotting
see error bars demo script

conformability
CONSET

pplus command
constant arrays
context

definition

setting the
continuation lines
CONTOUR

[AXES

/COLOR

ID

[FILL

[FRAME

/HGRATICULE




HLIMITS

/1 1JIK /L

IKEY

/[LEVELS
/[LEVELS, examples
[LINE

INOAXIS
INOKEY
INOLABELS
/OVERLAY
/[PATTERN

/PEN

/SIGDIG

[SIZE

ISPACING
ITRANSPOSE
/VGRATICULE
IVLIMITS
IXIYIZIT
curvilinear version
customizing CONTOUR plots
dash controls

demo script

examples
extrema, annotating

label controls
NOAXIS
options

pplus controls
spline_tension

contouring
controlling color key

converting units
convolution functions

coordinates
curvilinear coordinate data




in NetCDF file
interpolation
pseudo-variables
RETURN-= start,end coord
SHOW GRID /WI/Y/ZIT
spacing, NetCDF
underlying grid
correlation

in variance script
COS function

creating
Cr 0Ss section

along an x-y track

x-y track, SAMPLEXY_ CLOSEST
curl
curly brackets
CURV_TO RECT function
CURV _TO RECT MAP function
curvilinear coordinates

curvilinear coordinate data

gridded data

plot commands

regridding to curvilinear

regridding to rectilinear

sampling data from

scripts for

D

daily data
dashed lines
data
ASCH
CANCEL DATA SET
data set
editing
multi NetCDF




NetCDF
SET DATA SET
SHOW SET
STATISTICS
TMAP-formatted
data set
definition
examples
EZ
general discussion
label
locating
MC: multi CDF
multi CDF, creating
NetCDF
RETURN=dsst,...
RETURN=dsetpath
save and restore
DATE1900 function
dates
axis labels
datestring script
for modulo time axis
format for
in ASCII files
in external functions
in NetCDF file
in REPEAT loops
MODE CALENDAR
SAMPLET DATE function
SESSION DATE
DAY $1900 function
DAY S1900TOY MDHMS function
DDC transformation
centered
DDF transformation
forward derivative




debugging
complex expressions
go tools
SET MODE DIAGNOSTIC
SET MODE IGNORE ERROR
DEFINE
DEFINE ALIAS
DEFINE AXIS
/DEPTH
/[EDGES
[FILE
/[FROM DATA
/MODULO
INAME
INPOINTS
/TO
/UNITS
redefining an axis
DEFINE GRID
[FILE
ILIKE
IXIYIZIT
DEFINE REGION
/IDEFAULT
/DI/DJDK/DL
/IDX/DY/DZ/DT
[HIK/L
IXIYIZIT
DEFINE SYMBOL
DEFINE VARIABLE
[BAD=
IDATASET
/QUIET
/UNITS
User-defined variables
DEFINE VIEWPORT




IAXES
[TEXT
IXLIMITS
[YLIMITS
special symbols
definiteintegral
@DIN transformation
delimited data files
reading
SET DATA/FORM=DELIMITED
delta function
delta notation
demo scripts
density
RHO UN function
ZAXREPLACE function
depth
DEFINE AXIS/'DEPTH
go scripts
SET MODE DEPTH LABEL
specifying ranges
derivative
backward @DBF
centered @DDC
forward @DDF
transformations
descriptor file
definition
example
formatting notes
locating

syntax
TMAP-formatted data

toolsfor creating
DIAGNOSTIC mode
digitize
digits




dimensions
multi-dimensional expression
NetCDF
direct access
Fortran files
divergence
DNCASE function
DODS
.dodsrcfile
accessing remote data
caching
initialization file
locating data
password access
proxy servers
security

sharing data
drifter data

dynamic axis
dynamic grid

definition

SHOW GRID/DYNAMIC
dynamic height

E

ECHO
edges
DEFINE AXISIEDGES
ELIF
ELSE
conditional execution
masking
embed point datain axis
embedded expressions
immediate mode

with symbols




empirical orthogonal functions

eigenfunctions
EOF SPACE

EOF STAT

EOF TFUNC

time amplitude fcns
endian
ENDIF
environment

computing

environment variables

list of
listing with Fenv

environment variable
EOF functions

eof _space

eof stat

eof tfunc
error bars

error_bar_demo script
errors

generating messages

insufficient memory

MODE IGNORE ERROR

syntax for generating
event mask
EVNT

transformation
exclamation mark syntax
EXIT

/COMMAND FILE

[LOOP

/PROGRAM

/[PROMPT

/SCRIPT

QUIT
EXP function




export graphics
aif files
gif, batch mode
postscript files
postscript, batch mode
expression
algebraic
CANCEL
definition
SET default context
SHOW
external function
axis inheritance
compute subroutine
custom axes
ef utility functions
ef bail out
get arg info
get_arg_ss extremes
get_arg string
get arg subscripts
get_axis dates
get axis info
get bad flags
get_box_limits
get box size
get coordinates
et_desc
one va

@ |B B BB DB [DB DB DB DB

i

res subscripts
arg_desc
arg_name

arg type
arg_unit

axis extend

axis influence
axis inheritance

o (8|2 |2 (2 [ (B |8 |B
8188813 RIE R
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axis limits
axis_reduction
custom_axis
num_args
num_work_arrays
piecemeal ok
work array dims
EF Util.cmn

ef _version test

example function
getting EF example code

getting started
inheriting axes
init subroutine
list of included functions
loop indices
reduced axes
result limits
string arguments
structure of EF
utility functions
working storage
extrema
FINDHI function

FINDLO function

transformations

EZ data
definition
FILE command
missing data markers
reading ASCII files
SET DATA/EZ

o |2 |0 (@ |2 @ |2
8088818 &8




FAV transformation
averaging filler
Fdata

Fdescr

Fenv

FER DATA
FER DESCR
FER DIR

FER DSETS
FER GO

FER GRIDS
FER PALETTE
Ferret Home Page
ferret paths

FFT
FFT amplitude
FFT phase
FFT_IM(imaginary)
FFT INVERSE
FFT RE(real)
Fgo
Farids
FILE
aliasfor SET DATA/EZ
files
ASCII
ASCI| "delimited"
binary
byte-swapped
delimited
DODS
LIST
mixed types
NetCDF formatted

reading, demo
real*8




SET DATA
stream
supported stream types
TMAP-formatted
FILL
CONTOUR/FILL
curvilinear version
fill value
file creation
on output to NetCDF
fill values
and missing values
filler (missing value)
@FAV averaging filler
@FLN linear interpolation
@FNR nearest neighbor filler
FILLPOL
filtering
transformations
with CONVOL VE functions
FINDHI function
FINDLO function
flag (missing value)
FLN transformation
linear interpolation filler
flow control (scripts)
ELIF
IF
IF-THEN-EL SE
SET MODE IGNORE ERROR

flowline
VECTOR/FLOW
FNR transformation
nearest neighbor filler
font
Ferret controls
PPLUS commands




PPLUS fonts
pplus symbol fonts
format
data sets
Ferret
HDF
LIST/FORMAT=
MODE ASCII FONT
MODE LATIT LABEL
MODE LONG LABEL
NetCDF
numeric axis labels
SET DATA/FORMAT
SET LIST/FORMAT
standardized data
TMAP
TMAP format
formatting
LIST/FORMAT
LIST/HEADING
numerical output
plots
forward derivative
@DDF transformation

Fourier transforms
FFT INVERSE function

FFTA function

FETP function
Fpalette
Fprint

Unix command

Fpurge

Unix file naming
FRAME
[FILE=filename
/[FORMAT=format
/[FORMAT=qif
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[FORMAT=HDF

creating HDF movie

moviesin gif format

PLOT/FRAME
Fsort

Unix file naming
function

grid-changing

list of functions

G

geogr aphic
Scripts
getting point data into Ferret
gif image
creating gif images
FRAME/FORMAT=qif
-gif command line switch
GKS
color map
graphic metafile
line bundles
MODE METAFILE
MODE SEGMENTS
gksm2ps
GLOSSARY
GO
[HELP
arguments
demonstration files
file, definition
files
files, running
guoted arguments
tools, included with Ferret
Unix file naming
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writing GO tools
graphics

/SET_UP

hard copy

memory
MODE METAFILE

output controls
viewport

graticule
CONTOUR /GRAT

overlay on plot

PLOT /GRAT

SET MODE GRATICULE

SHADE /GRAT

VECTOR /GRAT
grave accent

embedded expressions

order of precedence
GREGORIAN calendar
Gregorian year
grid

box size

conformable

default

DEFINE AXIS

DEFINE GRID

Defining

definition

dynamic

dynamic, definition

grid box

grid file

of expressions

of pseudo-variables

regridding

RESHAPE function

RETURN=GRID name




SET
staggered
grid-changing functions
gridded data sampled at points
gridding scattered data
defining grid from data
objective analysis
SCAT2GRIDGAUSS XY function
SCAT2GRIDGAUSS XZ function
SCAT2GRIDGAUSS Y Z function
SCAT2GRIDLAPLACE XY function
SCAT2GRIDLAPLACE XZ function
SCAT2GRIDLAPLACE YZ function
gridfile
searching
UD and DU
GT
locating files

gui

command line switch

H

Hanning smoother
@SHN transformation
hard copy
creating gif images
Fprint, postscript files
MODE metafile
HDF
creating, single image
movie making
SET MOVIE
help
HELP
Web-based
within Ferret
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histograms
HLIMITS

home page
hyperdabs
NetCDF

I F
conditional execution
masking
with strings
| GNOREQO function
images, gif
immediate mode
BAD=
embedded expressions
mathematical expressions
PRECISION=
width
indefiniteintegral
@IIN transformation
indices
RETURN= start,end index
inheritance
of axes
initialization file
insufficient memory
INT function
integral
definite
indefinite
transformations
integration
@DIN definite integral
@IIN indefinite integral
over irregular regions
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inter polation
@I TP transformation
MODE INTERPOLATE
see also "regridding”
isopycnal
ZAXREPLACE function
isosur face
@LOC transformation
example
ITP
interpolation

journal file
GOfiles

log of Ferret commands
haming
-nojnl startup
SET MODE JOURNAL
writing

JULIAN caendar

K

key
contour and fill plots
FILL/KEY

for PLOT/VS

positioning with PPL commands

SHADE/KEY
use WHERE to position
keywords, reserved

LABEL command




/INOUSER

moveable |abels

positioning with mouse
labels

adding

axis

contour line
customizing

Ferret controls

fonts

long labels

MODE

MODE CALENDAR
MODE DEPTH LABEL

MODE LABELS
MODE LATIT LABEL
MODE LOGO
MODE LONG LABEL
movable labels
multi-line demo
plot
positioning with mouse
PPL LIST LABELS
PPLUS commands
removing
with pointing arrow
LABELS
PPL LIST LABELS
land mass
filled land fland.jnl
outline land.jnl
latitude
COSINE(latitude)
region
layout
axes
controlling white space




customizing labels
go tools
metafile translation
plot layout controls
least squares
regression scripts
LET
levels, contour
general discussion
saving the settings
SHADE plots
limits
Ferret program limits
line
adding contour lines
connecting plotted points
CONTOUR/LINE

hard copy

line styles
line styles, go tools

overlaying contours
PLOT/LINE/COLOR/THICK
POLY GON/LINE
LINE
pplus command
linear inter polation
@LIN regridding
linear interpolation filler
@FLN transformation
LIST
/APPEND
/BOUNDS
/CLOBBER
/D
/[EDGES
[FILE
[FORMAT




/[HEAD
/HEADING=ENHANCED
N /1JIK /L
JALIMITS/JLIMITS/KLIMITS/LLIMITS
INOHEAD
/ORDER
/PRECISION
IQUIET
/RIGID
ISINGLY
[TITLE="title string"
/WIDTH=
IXIY IZIT
IXLIMITS/YLIMITS/ZLIMITS/TLIMITS
LIST ALINE
LIST SHAKEY
LIST SHASET
lists of constants
little-endian
LN function
LOAD
/D
INJK/L
INAME
/PERMANENT
ITEMPORARY
IXIYIZIT

L OC transfor mation
location of

local extrema
FINDHI function

FINDLO function
location transfor mation

@LOC
L OG function

log plot
2-D plots




demo script
PLOT/VLOG/HLOG

logarithmic functions
LN and LOG

Logical operators
with strings
logo
long_name
NetCDF variable attributes
longitude

loop
low pass filter

LSL LOWPASS function

M

make des

map projections
curviliear coordinate plots
demo script
overlayson
scripts
using scripts

maps
ETOPO data sets

land script
overlays using GO tools

masking
for transformations on irregular regions
IF-THEN-EL SE logic

mathematical expressions, immediate mode
BAD=
PRECISION=
RETURN=

matrix notation

maximum
@MAX regridding
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@MAX transformation
FINDHI function
local mamima
MAX function
M C data sets
creating
definition
toolsfor creating
memory
cache, default size
CANCEL MEMORY
insufficient memory
large calculations
loading expressions into
management
-memsize switch
NetCDF
SET MEMORY
SET MODE DESPERATE
SET MODE SEGMENTS
SHOW MEMORY
MESSAGE
/CONTINUE
/ERROR
/JOURNAL
[IQUIET
alias PAUSE
metafile
hard copy
MODE METAFILE
naming, automatic
on Windows systems
specifying aname
trandation
minimum
@MIN regridding
@MIN transformation




bullseye.jnl script

FINDL O function

local minima

MIN function
MINUTES24 function

MISSING function

missing value flag
get flag
Setting message

setting values
MQOD function

MODE
MODE ASCII_FONT

MODE CALENDAR
MODE DEPTH LABEL
MODE DESPERATE
MODE DIAGNOSTIC
MODE IGNORE _ERROR
MODE JOURNAL
MODE LABELS
MODE LATIT LABEL
MODE LONG LABEL
MODE METAFILE
MODE PPLLIST
MODE REFRESH
MODE SEGMENTS
MODE STUPID
MODE VERIFY
MODE WAIT
SET MODE
SHOW MODE

mode: Ferret state

MODMAX
MODMIN

MODNGD
MODSUM



modulo
@mod transformation
attribute, NetCDF
axis
axis, DEFINE
axis, definition
MOD function
NetCDF
regridding
regridding, definition
subspan length
subspan modulo axis
modul o regridding statistics
MODMAX
MODMIN
MODNGD
MODSUM
MODVAR
MODVAR
month
monthly axis
climatological
creating
mouse
WHERE command to define position

movies
animations
creating from gifs
FRAME
HDF, creating
set movie
viewing
whirlgif
MPEG
multi-file data sets

creating
definition
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multiple axis plots

N

naming
file version numbers
of external functions
Unix file names
variables, DEFINE VARIABLE
variables, in NetCDF files
variables, renaming
NaN
in NetCDF files
national boundaries
land.|nl
land_detailed.jnl
NBD transformation
number of bad point
nc2mc
ncdump
creating cdl file
editing .cdf file
examples
ncgen
example
utility
near est neighbor
@NRST regridding
nearest neighbor filler
@FNR transformation
NetCDF
accessing data with USE
append aslab
append time steps
axis attributes
axis definition
bounds attribute




case sensitive names
CDL datainitialization
CDL files

child axis

converting to
coordinates

data set title

definition

dimensions

disordered coordinates
global attributes
grid_definition
hyperslabs
LIST/FORMAT=CDF
locating

long name

missing valuesin
missing values, output

modul o axes

multi-file data sets
multi-file, tools

NaN in

parent grid

permuted axes, /ORDER qualifier
permuted axis ordering
RETURN=dsettitle
reverse-ordered coordinates
SAVE

slab_max_index

slab min_index

specia axisinterpretations
staggered grids

strides

string data

USE

utilities

variable attributes




variables
variables, invalid names

writing to
NGD
regridding transformation
transformation
NOLEAP calendar
non-gridded data
collections
curvilinear

point data

polygonal
sigma coordinate

time series
vertical profiles
normal axis
notation
@ notation
NRST
regridding transformation
number of bad points
@NBD transformation
number of good points
@NGD regridding
@NGD transformation

O

objective analysis

demo script
offset
NetCDF attribute

RETURN=NC OFF

RETURN=USER OFF

SET VARIABLE/OFFSET=
on-line help

Fapropos




OPenDAP

see entries under DODS
oper ator

definition

list of
order of operations

string substitution
ORDER qualifier

for LIST

for SET DATA/FORMAT=CDF
output

aif files

qif, batch mode

LIST datafiles

postscript files

postscript, batch mode

overlay
CONTOUR/OVERLAY

overlay tools (scripts)
PLOT/OVERLAY
POLYGON/OVERLAY
SHADE/OVERLAY
VECTOR/OVERLAY
WIRE/OVERLAY

P

palette
by level
by percent

by value
CONTOUR/PALETTE

creation

directory

filesin $FER PALETTE
locating files: Fpalette
PALETTE command
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POLYGON/PALETTE
restoring default
scripts
SHADE/PALETTE
testing
parent grid
NetCDF
Par zen smoother
@SPZ transformation
pattern
CONTOUR/PATTERN=
demo script
PATTERN command
POLY GON/PATTERN=
SHADE/PATTERN=
pause
MESSAGE
PEN
PPLUS commands
performance
initializing NetCDF file
permutation
of axes on input

PLOT
[AXES
JCOLOR
/D
[DASH
JFRAME
JHLIMITS
JHLOG
NIKIL
[LINE
INOKEY
/NOLABELS
/NOYADJUST
JOVERLAY




/SET_UP

[SIZE=

ISTEP

/ISYMBOL

/ITHICKNESS

[TITLE

ITRANSPOSE

IVGRATICULE

/VLIMITS

IVLOG

VS

IXIYIZIT

lines, controlling color and thickness
log plots

symbols, controlling size and color

plot name
PLTNME pplus command

plot output
gif files
qif, batch mode

postscript files
postscript, batch mode

PLOTUV
PLTNME
pplus command
point data-- how it is structured
POLYGON
IAXES
/COLOR
/COORD AX
/D
[FILL
[FRAME
/IGRATICULE
/HGRATICULE
[HLIMITS
/HLOG
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IKEY
[LEVELS
[LINE
INOKEY
INOLABELS
IOVERLAY
[SET_UP
[THICKNESS
ITITLE
ITRANSPOSE
VGRATICULE
IVLIMITS
IVLOG

log axes
scripts
polygon vectors
poly vec demo.jnl
portrait
Fprint option

go scripts
metafile translation

postscript
ferret -batch option
Fprint command
gksm2ps command
MODE METAFILE
on Windows systems
potential temperature
THETA FO function
PPLUS
[RESET
axis commands
command format
Ferret Enhancements Guide
for plot customization
labels
MODE ASCII FONT




special symbols

string editing tools

syntax

time axes

Users Guide
precision

in embedded expressions

of floating-point variables
print
printing

hard copy
profile collection structure
profile data into Ferret
proj ection

curvilinear coordinates

map projections

map projections & curvilinear coordinates

mp_mask

overlays

polar stereographic

sigma coordinates

X _Page, y _page
pseudo-variable

definition

in NetCDF files

list of

Q

qualifiers
definition
string substitution

QUERY
in GO tools

UIET

QUIT
diasfor EXIT




guotes
"invalid" variable names

/VARIABLES="var"
defining title
embedded in strings
for missing arguments

grave accents
string arguments

R

RANDN function
random number generator
RANDU, RANDN functions

reading data files
ASCII files

direct access

FORTRAN-structured

NetCDF

unformatted data
reading scattered data
record axis
record structure

file
RECT TO CURV function
redirection

pipe a script into Ferret
Reduced axes

region
CANCEL

DEFINE
definition
named
pre-defined
save and restore
SET

SHOW




specifying with @
region (irregular)
regressions
regrid
regridding
@ASN
@AVE
@MIN
@MOD modulo regridding transformation
@sum
@XACT
curvilinear data
definition
demo script
general concepts
modulo regridding
RESHAPE function
gatistics
string arrays
syntax and examples
relative version
GO
numbers

Unix file naming
REPEAT

[ANIMATE

NJKI/L

/LOOP=

INAME

IRANGE

IXIYIZIT

in making animations
reserved keywords
reserved names

RESHAPE
function

RETURN
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RETURN=
AXIS
BAD flag
CALENDAR
coordinates of result
data set information
DSETNUM
embedded expressions
GRID name
IEND
ISIZE
ISTART
NC OFFSET
NC SCALE
SHAPE
SIZE
TO0
TITLE of variable
UNIT of variable
USER OFFSET
XSTART
RGB
color postscript
RGB mapping
by level
by value
ercent
RHO UN function
rivers
land detailed.inl
RSUM transfor mation
running unweighted s
running unweighted sum
@RSUM transformation

S



SAMPLEI function

SAMPLEIJfunction

SAMPLEJ function

SAMPLEK function

SAMPLEL function

SAMPLET DATE fcn
defined

examples
SAMPLEXY function

function definition
further examples
SAMPLEXY CLOSEST
SAMPLEXY CURV
sampling
of string arrays
scattered sampling
scripts
SAVE
SAY
dliasfor MESSAGE/CONTINUE
examples
SBN transformation
binomial
SBX transformation
boxcar

scale
NetCDF attribute

RETURN=NC SCALE

RETURN=USER SCALE

SET VARIABLE/SCALE=
SCAT2GRIDGAUSS XZ function
SCAT2GRIDGAUSS YZ function
SCAT2GRIDLAPLACE XY function
SCAT2GRIDLAPLACE XZ function
SCAT2GRIDLAPLACE YZ function

scatter plots
scattered sampling




script

-script command-line mode
scripts

GO files

writing
seasonal averages
section, cross

along an x-y track

segments
MODE SEGMENTS

server startup mode
SET
SET AXIS
/ICALENDAR=
/DEPTH
/IMODULO
/TO=
JUNITS=
SET DATA
IEZ
/EZ/ICOLUMNS
/[FORMAT
/[FORMAT=CDF
/[FORMAT=DELIMITED
/FORMAT=FORTRAN format
/IFORMAT=FREE
/[FORMAT=STREAM
IGRID
/ORDER
/RESTORE
[SAVE
[SKIP
ISWAP
[TITLE
[TYPE
[TYPE for ASCII file
IVARIABLES




ASCI| data examples
data set basics
Fortran binary data
NetCDF files
stream files
SET EXPRESSION
SET GRID
/RESTORE
[SAVE
curviliear data
SET LIST
[APPEND
[FILE
[FORMAT
[HEAD
/PRECISION
SET MEMORY
SET MODE
ILAST
ASCIlI FONT
CALENDAR
DEPTH LABEL
DESPERATE
DIAGNOSTIC
GRATICULE
IGNORE ERROR
INTERPOLATE
JOURNAL
LABELS
LATIT LABEL
LOGO
LONG LABEL
METAFILE
REFRESH
SEGMENTS
STUPID




VERIFY
WAIT
SET MOVIE
/ICOMPRESS
[FILE
/LASER
ISTART
SET REGION
/DI/DJDK/DL
/DX/DY/DZ/DY
IIK/L
IXIYIZIT
SET VARIABLE
[BAD
IGRID
INAME
/OFFSET
ITITLE
/UNITS
SET VIEWPORT
SET WINDOW
IASPECT
/ICLEAR
/LOCATION
INEW
[SIZE
settings
PPLUS and Ferret settings
setup
[SET_UP
setting up to run Ferret
SHADE
IAXES
/D
[FRAME
HLIMITS
NIYKIL




IKEY
/ILEVELS
INOAXIS
INOKEY
INOLABELS
/OVERLAY
/[PALETTE
/SET

[TITLE
ITRANSPOSE
/VGRATICULE
/VLIMITS
IXIYIZIT
curvilinear version

SHAKEY
CONTOUR/KEY
example
POLY GON/KEY
pplus command syntax
SHADE/KEY

shape (of variable)

SHASET
pplus command

SHF transfor mation
of string arrays
shift data

shift transformation
@SHE

Shift transformation
string arrays

SHN transformation
Hanning smoother

SHOW
[ALL

SHOW ALIAS

SHOW AXIS
[ALL




NIKILIXIYIZIT
SHOW COMMANDS
SHOW DATA

/BRIEF

[FILES

[FULL

IVARIABLES

IXML
SHOW EXPRESSION

SHOW FUNCTION
SHOW GRID
JALL
/DYNAMIC
NIKI/L
IXIYIZIT
XML
SHOW LIST
JALL
SHOW MEMORY
IALL
[FREE
JPERMANENT
JTEMPORARY
SHOW MODE
JALL
SHOW MOVIE
JALL
SHOW QUERIES
SHOW REGION
SHOW SYMBOL
SHOW TRANSFORM

JALL
SHOW VARIABLES
JALL
IDATA
/IDIAGNOSTIC




[USER
SHOW VIEWPORT
IALL
SHOW WINDOWS
IALL
sigma coordinate data
SIN function
size
RETURN= # points, variable
slab_max_index
NetCDF
slab_min_index
NetCDF

smoothing
contour lines

transformations, general
transformations, smoothing
with CONVOLVE functions
SORTI function
sorting
SORTI
SORTJ
SORTK
SORTL
SORTJ function
SORTK function
SORTL function
SPAWN
string variables
unix commands
special axisinter pretations
NetCDF

special data
SPZ transfor mation
Parzen

squar e brackets
for variable context




in expressions
in function arguments
sguare root
staggered grids
NetCDF
STANDARD calendar
standard deviation
startup file
state (Ferret state)

in go tools
SET GRID

SET MODE
dtatistical analysis

demo script

GO toolsfor
statistics

regridding
STATISTICS

/D

NJK/L

IXIY1ZIT

BRIEF
stick plot

PLOTUV command

stick vectors script
STRCMP function
stream files
stream format data
streamline

relation to FLOWLINE
strides
string variables

arrays of

changing case

comparing strings

concatenating
converting to float




from Unix commands
functions for strings
length, getting
logical operators
NetCDF /O
order of precedence
precedence
regridding arrays
sampling functions
STRCAT function
STRFLOAT function
STRINDEX function
STRLEN function
STRRINDEX function
SUBSTRING function
substring functions
strings
arguments to go tools
arguments, containing quotes
editing, PPLUS functions
function arguments
IF-THEN-ELSE

structured files
FORTRAN structured

subroutines (scripts)
subsampling to points
subsampling to profiles
subscript
subspan modulo

axes

comparing datasets

modulo length
SUBSTRING function
substrings

STRINDEX function

STRRINDEX function
SUM




regridding transformation
unweighted sum

SWL transformation
Welch

symbol
CANCEL
commands for
DEFINE
editing
PLOT/SYMBOL=
point-plot symbols, showing
pplus symbol fonts
SHOW
symbols, special
FERRET VERSION
PPLUS symbols
XPIXEL, YPIXEL
syntax
commands
examples
qualifiers
region
regridding
transformation

variables

T

TAN function

TAUTO COR function

Taylor diagrams
script

TBOX

TBOXHI

TBOXLO

TCAT function

Tektronix




MODE WAIT

text
color controls

fonts
SET MODE ASCII_FONT
string variables
style of plot labels
symbol editing
THETA_ FO function
three-dimensional plot
WIRE
tic marks

customizing
default

time
axis, discussion
axis: MODE CALENDAR
axis. NetCDF REGULART
convert date to days
convert days to ymdhms

convert time string to minutes
converting times for NetCDF files
converting times to numbers

non-Gregorian calendar

output formatting

overlaying symbols on time plot

RETURN=TO

SESSION TIME

specifying timeat TO

specifying time region

time axis PPLUS commands
time series

locating files

scripts for

time seriesanalysis
FET_IM function
FFT_RE function




TAUTO COR function

title
CONTOUR/TITLE

data set, RETURN
data set, setting
defining variable title
NetCDF "title" attribute
plot
PLOT/TITLE
SET DATA/TITLE
SHADE/TITLE
VECTOR/TITLE
WIRE/TITLE
TMAP-formatted file
definition
tools
Unix tools
transect
scripts
using SAMPLEXY
using SAMPLEXY CLOSEST
using SAMPLEXY CURV
transformation
@AVE average
@CDA closest distance above
@CDB closest distance below
@CIA closest index above
@CIB closest index below
@DDB backward derivative
@DDC centered derivative
@DDF forward derivative
@DIN definite integral
@FAV averaging filler
@FLN linear interpolation filler
@FNR nearest neighbor filler
@IIN indefinite integral
@L OC location of




@MAX maximum value
@MIN minimum value
@NBD number of bad points
@NGD number of good points
@RSUM running unweighted sum
@SBN binomial smoother
@SBX boxcar smoother
@SHF shift data
@SHN Hanning smoother
@SPZ Parzen smoother
@SUM unweighted sum
@SWL Welch smoother
@V AR weighted variance
@WEQ weighted equal
axis
definition
examples
general information
regridding
SHOW

trigonometric functions
SIN, COS, TAN, ASIN, ACOS, ATAN, ATANZ2

TSEQUENCE function

TYPE
datatypein ASCII files

U

UNALIAS
unformatted files
units
axis
in transformations
RETURN=UNIT (string)
SET VARIABLE/UNITS
Unix
command line




environment variables
setting up to run Ferret
Unix tools
unmapped windows
unweighted sum
@SUM transformation
transformation @RSUM
transformation @SUM
UPCA SE function
USE
SET DATA/FORMAT=CDF
USER
utilities
NetCDF utilities
Unix tools

Vv

variable
abstract expressions
abstract, using
CANCEL
character
conformable
default
DEFINE
defining new variables
file variables
global
local
missing value flag
missing values in user-defined
names, DEFINE VARIABLE
names, in NetCDF file
NetCDF
pseudo-
returning properties of




SET
SET DATA SET
SHOW
syntax
user
variance
@V AR regridding
go tool
transformation @VAR
VECTOR
/ASPECT
IAXES
/COLOR
/D
/IDENSITY
[FLOWLINE
/[FRAME
[HGRATICULE
[HLIMITS
HIK/L
[LENGTH
INOAXIS
INOKEY
INOLABELS
/OVERLAY
/PEN
[SET_UP
[TITLE
ITRANSPOSE
IVGRATICULE
/VLIMITS
IXIYIZIT
IXSKIP
[Y SKIP
asfilled polygons

curvilinear version
key, positioning




vector plots
asfilled polygons

demo script
plot vectors.jnl

poly vec demo.jnl
scattered
scripts
stick vectors
versions
GO
purging
relative version numbers
Unix file naming
vertical cross section
along an x-y track
using SAMPLEXY CLOSEST
vertical profile
example of reading file
vertical sections
defining from profiles
script
viewport
advanced usage
CANCEL
DEFINE

demo script

pre-defined
SET

SHOW
special symbols

Vis5D files
WRITEV5D function

visualizing curvilinear coordinate data
visualizing Lagrangian data
visualizing point data

visualizing polygonal coordinate data
visualizing profile data




visualizing sigma coordinate data
VLIMITS

wW

wait

MESSAGE
weighted equal

@WEQ transformation
weighted variance

@VAR
Welch smoother

@SWL transformation
WEQ - weighted equal trans
WHERE

Whileloop
see REPEAT

white pen

for labels

for plot lines
window

CANCEL

SET

SHOW

Size and shape

test for open window
windowing

transformations @MIN @MAX
WIRE

/D

/[FRAME

HJIK/L

INOLABEL

/IOVERLAY

/SET_UP

[TITLE

ITRANSPOSE




IVIEWPOINT
IXIYIZIT
[ZLIMITS
/ZSCALE
example
wire frame
world coordinate
World Wide Web
WRITEVS5D function

X

X Data Slice

X windows
setting up to run Ferret
size and shape

unmapped
XACT regridding

XAUTO COR function
XBOX
XBOXHI

XML
SHOW AXIS/ XML

SHOW DATA/XML

SHOW GRID/XML
XPIXEL
XSEQUENCE function
X-Y plot

PLOT

Y

YBOXHI
YBOXLO

Y CAT function
YPIXEL
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Y SEQUENCE function

Z

ZAXREPLACE function
ZAXREPLACE AVG function
ZAXREPLACE BIN function
ZCAT function

ZSEQUENCE function




Chapter 1: INTRODUCTION

Chl Secl. OVERVIEW

Ferret is an interactive computer visualization and analysis environment designed to
meet the needs of oceanographers and meteorol ogists analyzing large and complex
gridded data sets. "Gridded data sets" in the Ferret environment may be multi-
dimensional model outputs, gridded data products (e.g., climatologies), singly
dimensioned arrays such as time series and profiles, and for certain classes of analysis,
scattered n-tuples (optionally, grid-able using Ferret's objective analysis procedures).
Ferret accepts data from ASCII and binary files, and from two standardized, self-
describing formats. Ferret's gridded variables can be one to four dimensions—usually
(but not necessarily) longitude, |atitude, depth, and time. The coordinates along each
axismay beregularly or irregularly spaced

Ferret offers the ability to define new variables interactively as mathematical
expressions involving data set variables and abstract coordinates. Calculations may be
applied over arbitrarily shaped regions. Ferret's "external functions' framework allows
external code written in FORTRAN, C, or C++ to merge seamlessly into Ferret at
runtime. Using external functions, users may easily add specialized model diagnostics,
advanced mathematical capabilities, and custom output formats to Ferret. A collection
of general utility external functionsisincluded with Ferret.

Ferret provides fully documented graphics, data listings, or extractions of datato files
with a single command. Without leaving the Ferret environment, graphical output may
be customized to produce publication-ready graphics. Graphic representations include
line plots, scatter plots, line contours, filled contours, rasters, vector arrows, polygonal
regions and 3D wire frames. Graphics may be presented on awide variety of map
projections. Interfaces to integrate with 3D and animation applications, such as VissD
and XDataSlices are also provided.

Ferret has an optional point-and-click graphical user interface (GUI). The GUI isfully
integrated with Ferret's command line interface. The user may freely mix text-based
commands with mouse actions (push buttons, etc.). Ferret's journal file will log al of
the actions performed during a session such that the entire session, including GUI
inputs, can be replayed and edited at alater time. The GUI version is not currently
supported, and is not available on all operating systems.



This User's Guide describes only the command line interface to Ferret. Other documents
describe the point and click interface.

Ferret was developed by the Thermal Modeling and Analysis Project (TMAP) at
NOAA/PMEL in Seattle to analyze the outputs of its numerical ocean models and
compare them with gridded, observational data. Model data sets are often multi-
gigabyte in size with mixed 3- and 4-dimensional variables defined on staggered grids.

Ferret graphics calls are made using the Plot Plus (PPLUS) graphics package, which is
contained within Ferret. Plot Plus was written by Don Denbo. The Ferret version of
PPLUS has diverged somewhat from the original, and the Ferret developers are
responsible for these changes and for all of Ferret's graphics. Additionsto PPLUS, for
Ferret only, are documented in Appendix C of this manual (p. 523), which also hasa

brief history of the PPLUS graphics package.

Ferret is supported on avariety of Unix workstations with a version also available for
Windows NT/9x/XP. Ferret is available at no charge from anonymous FTP [node
ftp.ferret.noaa.gov] or from the World Wide Web [URL
http://www.ferret.noaa.gov/Ferret].

Chl Secl.l. Ferret User's Group

The Ferret User's Group provides a venue to ask experienced Ferret users for advice
solving problems and to keep abreast of the latest Ferret updates. To (un)join simply
send an e-mail message to

Maj ordono |ist server address

and include a message which says simply

(un)subscribe ferret_users

(Note this must be in the e-mail message BODY —not in the subject line.) To learn
about the user's list without joining send this message instead to the same address:

info ferret _users


http://www.ferret.noaa.gov/Ferret
mailto:ferret-majordomo@noaa.gov

Chl Secl.2. Ferret Home Page

The Ferret Home Page contains source code distributions, on line documentation, Users
Group archives, Frequently Asked Questions and more. It isavailable at

http://ferret.pnel.noaa.gov/Ferret/ FAQ ferret FAQ htni

Chl Sec2. GETTING STARTED

A quick way to get to know Ferret isto run the tutorial provided with the distribution.

% ferret
yes? GO tutori al

If Ferret is not yet installed consult the chapter *Computing Environment” (p. 235).
(Thetutoria is aso available through the World Wide Web through Ferret's on-line
demonstrations page.) The tutorial demonstrates many of Ferret's features, showing the

user both the commands given and Ferret's textual and graphical output. Y ou may find
the explanations, terms and examples in this manual easier to understand after running
the tutorial.

Chl Sec2.1. Concepts

Words in bold below are defined in the glossary of this manual.

In Ferret all variables are regarded as defined on grids. The grids tell Ferret how to
locate the data in space and time (or whatever the underlying units of the grid axes are).
A collection of variables stored together on disk is a data set.

To access avariable Ferret must know its name, data set and the region of its grid that


http://ferret.pmel.noaa.gov/Ferret/FAQ/ferret_FAQ.html
http://ferret.pmel.noaa.gov/Ferret/on_line_demonstrations.html
http://ferret.pmel.noaa.gov/Ferret/on_line_demonstrations.html

is desired. Regions may be specified as subscripts (indices) or in world coor dinates.
Data sets, after they have been pointed to with the SET DATA command (alias "USE"),
may be referred to by data set number or name.

Using the LET command new variables may be created "from thin air" as abstract
expressions or created from combinations of known variables as arbitrary expressions.
If component variablesin an expression are on different grids, then regridding may be
applied simply by naming the desired grid.

The user need never explicitly tell Ferret to read data. From start to finish the sequence
of operations needed to obtain results from Ferret issimply:

1) specify the data set
2) specify theregion
3) definethe desired variable or expression (optional)

4) request the output

For example (Figurel 1),

yes? USE coads I'gl obal sea surface data
yes? SET REG ON Z=0/ T="16- JAN- 1982"/ X=160E: 160W Y=20S: 20N
yes? VECTOR uwnd, vwnd 'w nd velocity vector plot
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Chl Sec2.1.1. Thinkinglikea Ferret:

(A discussion on the Ferret outlook on the concepts of data, variables, grids and other
basics of Ferret.)

Plottable variables

For this discussion we will coin the term "plottable variables.” There are no non-
plottable variables that will come up in this discussion but "variables" isa bit too
generic. Plottable variables are of 3 types:

. filevariables—read from disk files
. user-defined variables — defined by the LET command
«  pseudo-variables—regions (I,J,K,L,X,Y,...) used as variables

As much as possible Ferret tries to make al types of variables indistinguishable. All
plottable variables are defined on grids. No plottable variables exists in a vacuum for
Ferret. The grid on which a plottable variable exists tells how to locate the variable in
space and time. In cases where the variables are abstract in nature—disconnected from
space and time—Ferret will associate those variables with grids that are abstract, too.
Where a geographical grid will associate the Nth position along an axis with alocation
(like 20 degrees north latitude) an abstract grid will simply associate the Nth position
with the number N. Plottable variables may be regridded to other grids than the one on
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which they are defined. (Done with "G=".

All references to plottable variables must have a complete context. A complete context
will be described in detall later—»Driefly it means aregion in space, an interval intime
and the data set(s) in which the variables will be found.

Grids

All Ferret grids are 4-dimensional. In most cases the axes have the obvious
Interpretation of 3 space coordinates and time but sometimes the axes are abstract.

A grid is composed of 4 axes, each describing the coordinates along one dimension. 3d,
2d, 1d and Od grids are regarded as special cases of the full 4 dimensionsin which 1 or
more axes are set to "NORMAL".

Ferret triesto look at al axes equally—the same syntax of regions and transformations
applies to each. Calendar dates, east-west longitudes and north-south latitudes are
merely convenient ways to format positions along axes that have special interpretations
to people—not to Ferret. (The only exception to thisisthat if the Y axis has units of
Latitude Ferret will insert cosine(L atitude) factors into some calculations.)

Axes and grids may be defined by "grid files' (which normally have .GRD filename
extensions). Axes may aso be defined by the DEFINE AXIS command,; grids by the
DEFINE GRID command.

Contexts

A context isaregion or point in space and time and a data set(s). Thisisthe
information needed by Ferret to make sense of a reference to a plottable variable.
Suppose that "U" isavariablein adata set (file) called U DATA. A command like
"PLOT U" is meaningful only when Ferret knows that it is supposed to be looking for U
indataset U DATA and knows where in 4-dimensional space it is supposed to plot.

The context space-time region may be described by a mix of subscript and world
coordinate positions. Subscripts are specified by 1=,J=,K=,L= for axes 1 through 4,
respectively. World coordinates are specified by X=,Y=,Z=T=. On theright of the
equal sign asingle point may be given or arange specified by low:high may be given.
Special formats are allowed for X= (longitude, e.g. 160W), Y =(latitude, e.g. 23.5S) and
time (calendar dates like " 7-NOV-1989:12:35:00" in quotation marks).



The data set may be given by name or number. The commands SET DATA and
CANCEL DATA and the D= context descriptor all accept the name of the data set or its
number. The data sets are numbered by the order in which they are pointed to with SET
DATA. This order may be seen with SHOW DATA.

Y ou can tell Ferret the context in 3 places:

1. The program context: Using the commands SET REGION and SET DATA you can
describe a context in which all commands and expressions will be interpreted. Y ou can
look at the program context with SHOW REGION and SHOW DATA. (The command
SET DATA is used both to initialize new data sets and to make previoudly initialized
sets the current program context. When SET DATA initializes a new data set that set
automatically becomes the data set for the program context.) Example: SET
REGION/Z=50

2. The command context: Using the command qualifiers|,J,K,L,X,Y,Z,T and D
commands like PLOT,CONTOUR,SHADE,LIST and VECTOR can specify additional
context information. Command context information on any axis or on the data set will
replace any program context information on the same axis or the data set.

3. Thevariable context: Using the same qualifiers as the command context any
plottable variable name can be modified with additional context information in square
brackets (e.g. LET U200 = U[Z=200,D=U_DATA], or LIST U[I=1:100:5]). Variable
context information on any axis or the data set will replace any program or command
context information on the same axis or the data set.

Transfor mations

Ferret can transform plottable variables aong their axes. Transformations may be
specified only in the variable context. Ferret understands a number of transformations
that may be specified with the space-time region qualifiers. Some examples: PLOT
U[Z=0:100@AVE] — the variable U averaged between Z=0 and Z=100 LIST/L=1:200
U[L=@SBX:5] — U with aboxcar smoother of width 5 pointsalong L.

Also,

. @FAV (fill data holes with averages)
. @DIN (definiteintegral) @IIN (indefinite integral)



. @DDC (centered derivative)
« @SHF (shift data a number of points along an axis)
« @MIN (minimum value along an axis)

... and others (see HELP TRANSFORMATIONS inside Ferret)

Ch1 Sec2.2. Unix command line switches

ferret [-batch <file>. ps][-nmensize Mwrds] [-unmapped] [-qui] [-
help] [-gif] [-server] [-script [argl] [arg2]...]
-memsize Mwords

specify the memory (data cache) size in Megawords (default is 6.4)

If memory is severely limited on a system Ferret's default memory cache size may be
too large to permit execution. In this case use the "-memsize" qualifier on the command
line to specify a smaller cache.

-unmapped

use invisible output windows (useful for creating animations and gif files, or to create
metafiles when window resizing is needed. In this case you can create metafiles, using
any SET WINDOWY/SIZE or /ASPECT commands required. Then use gksm2psto
convert to postscript, using gksm2ps options to control orientation and sizing.)

-gui

start Ferret in point-and-click mode (may not be available on al platforms). This option
Is not currently supported. Starting Ferret with ferret -gui will run the current version
of Ferret, but some features may not work. If you need such features, you will need to
use the command-line version of Ferret.

-help
obtain help on the Unix command line options

-nojnl
start Ferret without ajournal file. Within the Ferret session, you can use SET MODE



JOURNA L :<filename> to turn on journaling and set the journal file name if desired.

--gif
Ferret can run in batch mode—without an X server (see also -server below). Graphical
output is buffered, and is stored in a gif file by executing the FRAME command. For

example:
> ferret -gif
yes? (conmmands that generate a plot...)

yes? FRAMVE/ Fl LE=pi cture.gif
sends the stored graphical output from Ferret to the gif file picture.gif.
Please note the following when using batch mode:

. Window resizing only works if the window is cleared before resizing the
window. For instance;
yes? set w ndow cl ear/si ze=0. 25
will resize the window while
yes? set w ndow si ze=0. 25/ cl ear
will cause an error.
« Avoid metafile commands when running in batch mode. In particular,
yes? set node neta
may cause problems.
. Don't create new Ferret windows when running without an X server. The
following command:
yes? set w ndow new
will cause Ferret to crash.

-batch

Ferret can generate PostScript files without an X server. If you wish to use this mode,
start Ferret with the -batch option:

ferret -batch <file>. ps

where <file> is the name of the output file. Note that the filename must end with ".ps".



Please note the following when using PostScript mode:

. The PostScript output will not be fully written to the output file until you exit
from Ferret.

. Window sizing commands do not have any effect on PostScript output. (If
window sizing is needed, can start Ferret with the -unmapped option, and create
metafiles, using any SET WINDOWY/SIZE or /ASPECT commands required.

Then use gksm2ps to convert to postscript, using gksm2ps options to control
orientation and sizing if desired.)

. Avoid metafile commands when running in PostScript mode.

. Don't create new Ferret windows when running without an X server. The
following command:

yes? set w ndow new
will cause Ferret to crash.

-server
Run in server mode -- don't stop on message commands. This mode uses primitive (but
faster) command line reading, so it is generally preferred when setting up Ferret from a
pipe or batch process. See the notes above under -gif regarding window sizing
commands.

-script

Run a script, with optional arguments, and exit. Ferret starts, the script runs, and Ferret
exits. If Ferret encounters an error, it will issue any error messages and exit to the
command line. The switch aso sets the -nojnl, -server, and -noverifyswitches (MODE
VERIFY and MODE JOURNAL may be turned back on within the script). It supresses
the banner lines. So that the command line reader can read and process any arguments
to the script, this option must be specified last, after any other command-line switches
(e.g. -gif or -memsize).

ferret -script file.jnl [argl] [arg2] [arg3]

Chl Sec2.3. Sample sessions

This section presents a number of short Ferret sessions that demonstrate common uses.



Data sets used in these sessions and throughout this manual are included with the
distribution. If Ferret isinstalled on your system, you can duplicate the examples
shown.

Chl1 Sec2.3.1. Accessing a NetCDF data set

In this sample session, the data set "monthly _navy winds" is specified and certain
aspects of it are examined. The command SHOW DATA/VARIABLES displays the
variablesin "monthly _navy winds" and where on each axisthey are defined. SET
REGION specifies where in the grid the user wishes to examine the data. VECTOR
produces a vector plot of the indicated variables over the specified region.

yes? USE nont hly _navy_ w nds I specify the data set
yes? SHOW DATA/ VARI ABLES I what's in it?
currently SET data sets:
1> /opt/local/ferret/fer_dsets/descr/nonthly navy w nds. des

(defaul t)
FNOC 2.5 Degree 1 Month Average Wrld-wide Wnd Field
name title I J K
L
UVAD ZONAL W ND 1: 144 1:73
1: 132
MS on grid FNOC251 with -99.9 for m ssing data
X=18. 8E: 18. 8E(378.8) Y=91.2S:91. 2N
VVWAD MERI DI ONAL W ND 1: 144 1:73
1: 132

MS on grid FNOC251 with -99.9 for m ssing data
X=18. 8E: 18. 8E(378.8) Y=91.2S:91. 2N
time range: 16-JAN-1982 20:00 to 17-DEC- 1992 03: 30

Chl Sec2.3.2. Reading an ASCI| datafile

Many examples of accessing ASCII data are available later in this manual. See the
chapter, "Data Sets" (p. 33) The simplest access, one variable with one value per record,

looks like this:



% ferret
yes? FI LE/ VARI ABLE=v1 snoopy. dat
yes? PLOT vl

yes? QUIT

Chl Sec2.3.3. Using viewports

The command SET VIEWPORT allows the user to divide the output graphics "page"
into smaller display viewports.

In this sample session, we create two plotsin two halves of awindow (Figure 1 2):
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% ferret

yes? USE coads_cl i mat ol ogy
yes? SET REG OV X=160E: 130W
yes? SET REG QN Y=-10:10/L=5
yes? SET VI EWPORT upper

yes? CONTOUR sst

yes? SET VI EWPORT | ower

yes? CONTOUR airt

yes? QUIT
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Chl Sec2.3.4. Using abstract variables

Abstract variables (expressions that contain no dependencies on disk-resident data) can
be easily displayed with Ferret. See the chapter "V ariables and Expressions’, section
"Abstract variables' (p. 63), for several examples and detailed information.

For example, a user wishing to examine the function SIN(X) on the interval [0,3.14]
might use (Figure 1_3):

O
T T L& & T & ' &
x
SIN{3% 14+ 100
% ferret
yes? PLOT/1=1:100 sin(3.14*1/100)
yes? QUIT

Chl Sec2.3.5. Using transformations

A transformation is an operation performed on avariable along a particular axisand is
specified with the syntax " @trn" where "trn" is the name of atransformation. See the
chapter "Variables and Expressions’, section "Transformations' (p. 96), for detailed
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information.

A user may wish to look at ocean temperatures averaged over arange of depths. In this
sample session, we look at temperatures averaged from 0 to 100 meters of depth using a
data set which has detailed resolution in depth (Figure 1_4). We plot the data along
longitude 160 west from latitude 30 south to 30 north.

FEE
LOHAILIEE + HA

:-m{rcl:mhm[mnn] DWTh TN el virevivivgy
Leviam wwvanl wira rivieg [T sy

% ferret

yes? USE | evitus_cli matol ogy
yes? SET REAQ QV Y=30s: 30n/ X=160W
yes? PLOT tenp[Z=0: 100@AVE]

yes? QUIT

Chl Sec2.3.6. Using algebraic expressions

See the chapter "Variables and Expressions’, section "Expressions’ (p. 65) for a
description of valid expressions.

In this example, the data set contains raw sea surface temperatures, air temperatures,
and wind speed measurements. We wish to look at a shaded plot of sensible heat at its
first timestep (L=1) (Figure 1 _5). We specify alatitude range and contour levels.
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% ferret

yes? USE coads_cl i mat ol ogy I'mont hl'y COADS cl i mat ol ogy
yes? LET kappa =1 larbitrary

yes? LET/ TI TLE="SENSI BLE HEAT" sens_heat = kappa * (airt-sst) *
wspd

yes? SHADE/ L=1/ LEV=(- 20, 20, 5)/Y=-90: 40 sens_heat

yes? QUIT

Chl Sec2.3.7. Finding the 20-degreeisotherm

| sotherms can be located with the "@L OC" transform, which returns the axis location
where the value of the argument of @L OC first occurs. Thus,

"TEMP[Z=0:200@L OC:20]" locates the first occurrence of the temperature value 20
along the Z axis, scanning all the data between 0 and 200 meters.

A session examining the 20-degree isotherm in mid-Pacific ocean data (Figure 1_6):
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% ferret

yes? USE | evitus_cli matol ogy

yes? SET REG Y=10s: 30n/ X=140E: 140W
yes? PPL CONSET .12 !l abel size
yes? CONTOUR tenp[ Z=0: 200@Q.CC: 20]
yes? QU T

Note that the transformation @WEQ could have been used to display ANY variable on
the surface defined by the 20 degree isotherm.

Ch1 Sec3. COMMON COMMANDS

A quick reference to the most commonly used Ferret commands (typing "SHOW
COMMANDS' at the Ferret prompt lists al commands):

Command Description
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USE

SHOW DATA

SHOW GRID

SET REGION

LIST

PLOT

CONTOUR

FILL

SHADE

VECTOR

POLY GON

DEFINE

STATISTICS

LET

SAVE

GO

names the data set to be analyzed (aliasfor "SET DATA")
produces a summary of avariable

examines the coordinates of agrid

sets the region to be analyzed

produces alisting of data

produces a plot

produces aline contour plot

produces a color filled contour plot

produces a shaded-area plot

produces a vector arrow plot

plots polygonal regions

define new axes, grids, and symbols

produces summary statistics about variables and expressions
defines a new variable

saves datain NetCDF format

executes Ferret commands contained in afile

Information on al Ferret commandsis available in Part 11, Commands Reference, of



this manual.

Chl1l Sec4. COMMAND SYNTAX

Commands in program Ferret conform to the following template:

COMM [/ QL/Q@...] [SUBCOM/S1/S2...]] [ARGL AR® ...] [!coment]
where

COMM isacommand name yes? LIST

Q1... are qualifiers of thecommand yes? CONTOUR/ SET_UP

SUBCOM isasubcommand name yes? SHOW MODE

Si.. are qualifiers of the subcommand yes? SET LI ST/ APPEND
ARGL1... are arguments of commands yes? CANCEL MODE | NTERPOLATE
notes...

The length of the command line is limited to a maximum of 2048 characters.
Command lines ending with back slash are regarded as incomplete -- a special
prompt is given to indicate that the next line is a continuation .

Items in square brackets are optional.

One or more spaces or tabs must separate the command from the subcommand
and from each of the arguments. Spaces and tabs are optional preceding
qualifiers.

Multiple commands, separated by semi-colons, can be given on the sameline.
Command names, subcommand names, and qualifiers require at most 4
characters.

(e.g.,yes? CANCEL LI ST/ PRECI SI ONisequivalenttoyes? CANC

L1 ST/ PREC)



. Some qualifierstake an argument following "=" (e.g., yes?
LI ST/ Y=10S: 10N).

« Anexclamation mark normally signifies the end of acommand and the start of
(optional) comment text.

. The backslash character (\), when placed directly before an exclamation point
(1, apostrophe (), semicolon (;), or forward slash (/), will hide it ("escape it")

from Ferret.
« Seethe Expressions section (p. 65) for information on algebraic expressions as
arguments to commands
. Seethe Symbols sections (p. 209) for information on symbol substitution in
commands
Examples:

« A simple command and argument
yes? LI ST sst

. A comment on the command line
yes? SET REGQ QN L=1/ X=130: 290/ Y=- 23: 23 I January
In the Tropical Pacific

. Commands with qualifiers and arguments
yes? VECTOR/ L=30/ COLOR=RED u, v
yes? LET/UNI TS=M ht = z[&Z=tenp] - zO0

« Subcommands
yes? SET MODE METAFI LE
yes? SET REQ ON X=130E: 120W J=20: 40/ Z=0/ T=1-j an-
1982: 31-j an- 1992

. Symbols used in acommand(see p. 209) Note multiple commands on aline

yes? DEFINE SYMBOL | ower = -2; DEFINE SYMBOL upper = 6
yes? SHADE/ | =( $l ower): ($upper) tenp

. Use Square brackets to specify a variable's dataset or grid, range and optionally a
delta- for the variable, or a transformation (see p.59)
yes? PLOT tenp[ X=180, L=1: 50]
or
yes? LI ST tenp[ X=130: 200@AVE, L=1: 50: 5]



or
yes? LET/UNITS=M ht = z[GX=tenp] - zO

. Immediate mode expression: enclosed in grave accents. (see p. 118) (The

expression must evaluate to a scalar, and is evaluated before the command is
parsed or executed.)
yes? CONTOUR/ Z="t enp[ X=180, Y=0, Z=@Q.OC. 15] ° salt

. A list of values (constant array) may be formed by enclosing valuesin curly
brackets. For examplein afunction call:
yes? LET aday = DAYS1900(1989,{3,6,9},1)

. Text for labelsis enclosed in double quotes
yes? VECTOR/ TI TLE="title_string" x_expr, y_expr
If the string is to contain a quote, the backslash preservesit:
yes? GO ny_go_script "\"(-10,10,2)"\"
sendsthestring™” (- 10, 10, 2) " tothe script (see p. 18) for more on go
scripts

Chl Sec5. GO FILES

GO files are files containing Ferret commands. They can be executed with the
command "GO filename". Throughout this manual, these files are referred to as GO
scripts or journal files (the file namesend in *.jnl). There are two kinds of GO files
provided with the distribution (differing in function, not form)—demos and tools. A
list of the demonstrations and scripts can be found in Ferret's on-line documentation in
"on-line demonstrations'.

Chl Sec5.1. Demonstration files

Demonstration GO files provide examples of various Ferret capabilities (the tutorial is
such a script) . The demonstration GO files may be executed simply by typing the Ferret
command

yes? GO denp_nane
exanpl e: yes? GO vector_deno


http://www.ferret.noaa.gov/Ferret/on_line_demonstrations.html

Below isalist of the demo files provided as of 4/99 (located in directory
$FER_DIR/examples). The Unix command "Fgo demo” will list all GO scripts
containing the string "demo". Use Fgo *' to see all the scripts that are currently

available on your system.

Name

tutorial
bar_chart_demo
binary read demo

coads _demo

constant_array _demo
custom_contour_demo
depth_to density demo
dods demo

edit_data file demo

ef eof demo

ef fft_demo

Description

brief tour through Ferret capabilities
plotting bar charts
binary file reading (version 5.0 and after)

view of global climate using the Comprehensive Ocean-
Atmosphere Data Set

shows{ 3,5,6} constant-array syntax
customized contour plots

contour with a user-defined variable as an axis
using DODS to access remote datasets

"hand-editing" variables using NetCDF datasets and
SAVE

EOF functions

FFT functions



ef _sort demo

ef _wvbd demo

error_bars _demo

file reading_demo

fnoc_demo

levitus_demo

log_plot_demo

mathematics_demo

mercator_demo

minmax_label _demo

mp_demo

mp_stereo_demo

multi_line labels demo

multi_variable_demo

objective anaysis demo

overlay _on_time axis demo

using the SORT and SAMPLE functions

writing VisbD-formatted files

making error bars on plots

reading an ASCII file

Naval Fleet Numerical Oceanography Center data

T-Srelationships using Sydney Levitus' climatological
Atlas of the World Oceans

log plotsusing PPLUS in Ferret

abstract function calculation

mercator map projection

use FINDLO and FINDHI to label extrema on aplot

map projections

fancy map projection techniques

many-line titles and other labels

multiple variables with multiple dependent axes

interpolating scattered datato grids

PLOT/VS and POLY GON over atime axis



palette_demo

pattern_demo

plot swath demo

plot_vectors

poly vec demo

polymark _demo

polytube demo

regridding_demo

sigma_coordinate_demo

spirograph_demo

splash_demo

statistics_demo

symbol _demo

taylor_examplel

topographic_relief_demo

trackplot_demo

shows uses of various palettes

patterns on shade and fill plots

fill between line plots for "swaths" of color

draw vectors from u,v,lat,|lon

use filled polygonsto plot vector fields

show use of polymark script

"lagrangian” plots along a path using color fill

tutorial on regridding data

how to work with sigma coordinates

for-fun plots from abstract functions

for-fun mathematical color shaded plots

probability distributions

how to use symbols for plot layouts

using scripts to make Taylor diagrams

global topography

use of trackplot.jnl script



vector_demo vector plots
viewports_demo output to viewports

wire_frame_demo 3D wire frame representation

Ch1 Sech.2. GO tools

GO tools are scripts which contain Ferret commands and perform dataset-independent
tasks. For example, "GO land" overlays the outline of the continents on your plot.
(Note: Inorder for Ferret to locate the GO scripts, the environment variable FER_GO
must be properly defined. See the chapter "Computing Environment," p. 235, for
guidance.)

To run any GO tool, from the Ferret command line, type,

Yes? GO scri pt nane

Or if the script has arguments, they follow the script name with optional comma
separators.

yes? GO script2 argl, arg2

To find out about the script, use the/HELP qualifier, which opens the script with the
more command to type the first 20 lines of the script and allow you to see the
documentation at the start of the script.

yes? GO HELP scri pt nane
To omit arguments from a GO script,

yes? GO script argl, , arg3



Or double quotes with a space to indicate the missing item.
yes? GO script argl " " arg3

The Unix command Fgo has been provided to assist with locating tools within the Unix
directory hierarchy. For example,

% Fgo grid displaysall toolswith the substring "grid" in their names
% Fgo '*' displaysall GO tools and demonstrations

When passing arguments to GO commands sometimes it is necessary to pass enclosing
guotation marks. An common example is the passing of the argument to the
CONTOUR/LEVELS quadlifier in cases such as

CONTOUR/ LEVELS="(-100) (-10,10,2) (100)" ny_var

where there may be blanks embeddd inside of the string. There are 3 methods to embed
guotations inside of strings

1. use"\" to protect the quotation marks in the GO command line

yes? go ny_go _script "\"(-100) (-10,10,2) (100)"\"
with the script containing the line

CONTOUR/ LEVELS=$1 ny_var

2. use "\" to define a symbol which contains the quotation marks

yes? DEFINE ny _quoted string \"$1\"
yes? CONTOUR/ LEVELS=($ny_quoted_string) ny_var

3. use the symbol substitution syntax to add quotes to theGO argument
Yes? CONTOUR/ LEVELS=$1&| *>"*" &

Of course, in the above examples one could also simply use



yes? CONTOUR/ LEVELS="$1" ny_var

Below is atable of the tools provided with your Ferret installation. Some tools accept
optional arguments to control details. Use Fgo - nore scri pt _nane for detailson

a script.

Tool name

OVERLAYS

basemap

land

land_detailed

bold_land

fland

focean

multi_xaxis _overlay

multi_yaxis overlay

Description

a geographical basemap of continentsto overlay on
overlays continental boundaries (color controls)

overlays detailed continents, national and state boundaries,
rivers

overlays darker continental boundaries
overlaysfilled continents (color and resolution controls)
overlays ocean mask (for terrestrial plots)

Overlay aline plot over an existing one, with anew
horizontal axis

Overlay aline plot over an existing one, with a new vertical
axis



graticule

tics

gridxy

gridxz

gridxt

gridyz

gridyt

gridzt

box

elipse

MATHEMATICAL

frequency _histogram

ts_frequency

sets the plot axis style to use a graticule (rather than tics)
(See adso the/GRATICULE qualifier on all plot
commands, and MODE GRATICULE)

resets the plot style to use axistics (rather than agraticule)

overlaysa"graticule" at thel,J grid locations (see aso the
/IGRAT qualifier for plot commands, and MODE
GRATICULE)

overlaysa"graticule" at the l,K grid locations

overlaysa"graticule" at thel,L grid locations

overlaysa"graticule" at the J,K grid locations

overlaysa"graticule" at the J,L grid locations

overlaysa"graticule" at the K,L grid locations

draws a box at the specified location on the plot

draws an €ellipse at the specified location on the plot

makes a frequency distribution plot (histogram) of data

creates a 2-variable histogram (typically an
oceanographer's TS density diagram)



polar defines R and THETA from X and Y to perform (limited)

polar plots
regressx defines variables for linear regression along X axis
regressy defines variables for linear regression along Y axis
regressz defines variables for linear regression along Z axis
regresst defines variables for linear regression along T axis
unit_square sets unit square as default for abstract variables
variance defines variables to compute variances and covariances
var_n refines TVARIANCE with corrected n/n+1 factors
dynamic_height defines Ferret variables for dynamic height calculations
SAMPLE DISPLAYS
line_samples draws specimens of the available line styles
line_thickness draws examples of pen color/thickness stylesin PPLUS
fill_samples draws specimens of the available fill styles
show_symbols draws specimens of the default symbols

show_88 syms draws specimens of all 88 PPLUS symbols



GRAPHICS

bar_chart makes a color-filled bar chart from aline of data

bar_chart2 makes a bar chart using hollow rectangles

centered vectors makes a vector plot with coords at vector midpoints

scattered vectors makes a vector plot from an ASCII file: x,y,u,v

stick_vectors makes a stick vector plot of aline of U,V values

extremum annotate contour extrema on a plot

split_ z oceanographic-style plot with 2 z-axis scalings

taylor_examplel demonstrates tools for making Taylor diagrams
PLOT APPEARANCE

margins tweak the sizing of the plot on the page

magnify [factor] increases the data plotting area (areainside the axes)

unmagnify restores the plot origin and axis lengths to default values

black sets video background to black, foreground to white

white sets video background to white, foreground to black

bold sets up PLOT+ and Ferret to produce bolder-looking plots



unbold

unlabel [1abel #]

remove_logo

box_plot

portrait

portrait1x2

portrait1x3

portraitlx4

portraitNxN

reminder

COLOR

try_palette [pal]

try centered palette

exact_colors

squeeze colors

resets plot environment to normal after "GO bold"
removes a specified (numbered) PPLUS movable |abel
removes |labels 1-3 that form the Ferret logo

produces a plot with "bare" axes (no tics, no labels)

set window for 8.5 x 11 portrait page

set window for 8.5 x 11 portrait page and two viewports
set window for 8.5 x 11 portrait page and three viewports
set window for 8.5 x 11 portrait page and four viewports
set window for 8.5 x 11 portrait page and NxN viewports

place small annotations in upper left corner of plot

displays palette appearance for various numbers of color
levels

displays centered pal ette appearance for various numbers of
levels

sets up Ferret and PPLUS to modify individual colorsin a
color palette

modifies a color palette by squeezing and stretching the
color scale



MULTIPLE X AND Y AXES (rundemo: yes? GO nulti _vari abl e _pl ots)

left_axis plot

right_axis plot

multi_xaxis plotl

multi_xaxis _overlay

multi_yaxis plotl

multi_yaxis overlay

plots asingle variable preparing for a 2nd axis on the right

overlays aplot of asingle variable using an axis on the
right

draws a plot formatted for later overlays using multiple X
axes

overlays avariable with adistinct X axis

draws a plot formatted for later overlays using multiple Y
axes

overlaysavariable with adistinct Y axis

MAP PROJECTIONS (run demo: yes? GO np_deno)

mp_~name~

mp_aspect

mp_fland

individual projectionsinclude

bonne, craster_parabolic, eckert_greifendorff, eckert iii,
eckert_v, hammer, lambert_cyl, mcbryde fpp, mercator,
orthographic, plate caree, polyconic, sinusoidal,
stereographic_eq, stereographic_north,
stereographic_south, vertical_perspective, wagner_vii,
winkel i

set the appropriate window aspect ratio for this map
projection

overlays "map projected” filled continents (color controls)



mp_graticule

mp_grid.jnl

mp_label

mp_land

mp_land_stripmap

mp_line

mp_ocean_stripmap

mp_polymark

mp_polymark

mp_polytube

mp_trackplot

mp_viewport_aspect

bullseye

digitize

overlays "map projected” graticule (color controls)

Associates adata grid with a predefined map projection.

plots alabel using world coordinates

overlays "map projected” continental boundaries (color
controls)

creates aland-centric, interrupted "stripmap” using the
current map projection

overlays "map projected” plotted data

creates an ocean-centric, interrupted "stripmap" using the
current map projection

overlays "map projected” polygons

Plot polygons using a predefined map projection.

Plot a colored tube using a predefined map projection.

Plot atrackplot using a predefined map projection

Define aviewport for plotting map projections

SAMPLING A GRIDDED FIELD

locate a bullseyein a2-D field

obtain data values from a plot using the cursor



vertical _section

samplexy _demo

UTILITY SCRIPTS

datestring.jnl

TESTS

test

ptest

squares

create 2-D vertical section from a3-D field

create 2-D vertical section aong any path

create date string from year, month, day, etc

tests proper functioning of FER_GO

produces a quick test plot

creates afilled-areatest plot

Chl Sec5.3. Writing GO tools

A GO tool ("GO script,” "journal file," ...) issimply a sequence of Ferret commands
stored in afile and executed with the GO command. Writing a simple GO tool requires
nothing more than typing norma commands into afile.

To write arobust GO tool that may be shared, however, certain guidelines should be

followed:

1) the GO tool should be well documented



2) the GO tool should leave the Ferret context unmodified
3) the GO tool may need to run "silently"

4) the GO tool may need to accept arguments (a maximum of 99 parameters)

Ch1l Sec5.3.1. Documenting GO tools

Documentation consists primarily of well-chosen comment lines (lines beginning with
an exclamation mark). In addition, aline of this form should be included:

I Description: [one-line sunmary of your GO tool]

Thislineis displayed by the Fgo tool.

Chl Sec5.3.2. Preservingthe Ferret statein GO tools

Often a complex GO tool requires setting data sets, modifying the current region, etc.
But to a user executing this tool its behavior may seem erratic if the user's previous
context is modified by running the tool. A tool can restore the previous state of Ferret
by these means:

region:  Save the current default region with the command DEFINE
REGION/DEFAULT save. Restoreit at the end of your GO tool with SET
REGION save.

dataset: Save the current default data set with SET DATA/SAVE. Restore it at the
end of your GO tool with SET DATA/RESTORE.



grid: Save the current default grid set with SET GRID/SAVE. Restore it at the end
of your GO tool with SET GRID/RESTORE.

modes. If you modify amode inside your GO tool by issuing a SET MODE or a
CANCEL MODE command the original state of that mode can be restored
using SET MODE/LAST.

Ch1 Sech.3.3. Silent GO tools

If auser has set mode "verify" then by default every line of your GO tool, including
comment lines, will be displayed at the screen as Ferret processes it. To make your GO
tool run silently include the command CANCEL MODE VERIFY at the beginning of
the GO tool and SET MODE/LAST VERIFY at the end. If the backslash character "\" is
found at the beginning of any line that single line will not be displayed regardless of the
state of MODE VERIFY . Thus the command "\CANCEL MODE VERIFY" is often the
first line of a GO tool. Note aso that the command LET/SILENT is useful in GO tools
which need to define variables.

Ch1 Sec5.3.4. Argumentsto GO tools

Arguments (parameters) may be passed to GO tools on the command line. There is an
upper limit of 99 arguments allowed. For example,

yes? GO | and red

passes the string "red” into the GO file named land.jnl. Inside the GO tool the argument
string "red” is substituted for the string "$1" wherever it occurs. The "1" signifies that
thisisthe first argument—similar logic can be applied to $1,... $99 or $0 where $0 is
replaced by the name of the GO tool itself. "$*" isreplaced by all the argumentsasa
single string, separated by spaces.



If there are more than 9 arguments, the syntax $nn (nn may be 1 through 99) is
equivalent to to ($nn), however the parentheses enclosed form is generally preferred as
it avoids ambiguities. Specifying $12.dat is equivalent to ($12).dat but isless clear.

As Ferret performs the substitution of $1 (or other) arguments it offers a number of
string processing and error processing options. For example, without these options, if a
user failed to supply an argument to "GO land" then Ferret would not know what to
substitute for $1 and it would have to issue an error message. A default value can be
supplied by the GO tool writer using the syntax

$1%stri ng%

for example,

$1%bl ack%

inside land.jnl would default to "black” if no color were specified. Note that in the
example percent signs were used to delimit the default string but any of the characters!
#$ % or & also work as delimiters.

If the argument is a 2-digit number, and we are making a substitution, the replacement
text goesinside the parentheses. For example, plot the variable passed as argument 1
with the color given by argument 12, or green if no argument 12 is given:

PLOT/ COLOR=( $12#gr een#) $1

In another case it might not be appropriate to supply a default string but instead it would
be desirable to issue an instructional error message. The "<" character indicates an error

message text:

$1"<you nust supply an argunment to this GO tool"

In still other cases there are arange of acceptable arguments but all other arguments are
illegal. The allowable arguments can be specified following "|" (vertical bar) characters
asin thisexample:

$1"| bl ack]| red| <You nust specify black or red"



or adefault of "black™ could be specified together with the options as

$1" bl ack| bl ack| red| "

In the interest of "friendliness" a GO file may want to allow the user to specify a string
other than the string actually needed by the GO tool. For example, in older Ferret
versions red plot line was actually obtained by the PLOT command qualifier
ILINE=2—the string "red" never appeared in this command. To allow a user to specify
"red" and yet have the string "2" substituted, Ferret has provided the replacement arrow
">" Thus

$1"1| red>2| "

specifies adefault string of "1" if no argument is given but substitutes 2" if "red" is
supplied. In atypical GO tool line, defaults, options, substitutions, and an error message
are combined like this;

PLOT/ LI NE=$1" 1| r ed>2| gr een>3| bl ue>4| <nust be red, green, or bl ue"

Note that the error message will be issued only if some color other than "red,
or "blue" is specified; if no argument is specified then "1" is substituted.

green,”
An asterisk (*) can be used to designate that any text whatsoever is acceptable as an
option.

$1"| bl ack]| red| <You nust specify black or red"

would never generate an error and would use line style 7 (thick black) if an
unrecognized argument string such as "orange" were given.

An asterisk (*) can also be used on the right-hand side of a substitution, in which case it
stands for the entire original argument string. For example

SET VARI ABLE/ TI TLE=$1% >"*" %

will place double quotation marks around the string in argument 1.



Ch1l Sec5.3.5. Documentation and checking argumentsto GO
tools

A final style note to keep in mind when writing GO tools that use arguments: providing
error message feedback and appropriate documentation for the user is essential. In
complex GO tools, all arguments should be checked at the beginning of the GO tool
using the no-op command (has no effect) "QUERY/IGNORE". Thus the GO tool
land.jnl might contain these lines at the beginning:

I check the argunent
QUERY/ | GNORE $1" 1| red| green| bl ue| <nust be red, green, or bl ue"

Once argument errors have been trapped and reported, the lengthy error text would not
be needed again in the GO tool.

GO tools that use arguments should also be carefully documented. There are numerous
examples provided with Ferret; try, for example, the Unix commands

% Fgo -nore fland.jnl
% Fgo -nore stick vectors

or

% Fgo -nore squeeze_col ors

Ch1 Sec5.3.6. Flow Control in GO tools

There are several Ferret commands and techniques to assist with flow control in your
GO scripts.

GO (subroutines)

The GO command may be used inside of a GO script (tool) to execute another (nested)
GO script. If an error occurs inside of a nested GO script and SET MODE
IGNORE_ERROR has not been issued then the GO script will be interrupted and



control returns to the command line.
REPEAT (looping)

The REPEAT command may be used to execute loops within Ferret. The loop " counter”
may be an index (I,J,K, or L) or aworld coordinate (longitude, latitude, depth, or time).
The increment between loop iterations need not correspond to the spacing of points on a
grid. When used in conjunction with the "d" options of SET REGION, such as SET
REGION/DI="-5:-5" the loops may be used to zoom in or out of aregion or to pan a
limited-width window of view across alarger region. See the Advanced Movie-Making
section (p. 159) of this manual for further details.

| F-THEN-EL SE (conditional execution)

An IF-THEN-EL SE syntax can be used to conditionally execute Ferret commands. It
may be used in two styles—single line and multi-line. See the IF command (p. 333) in

the Commands Reference section of this manual for further details.

Chl Sec5.3.7. Debugging GO tools

Asthe complexity of Ferret GO scriptsincreases it becomes more challenging to locate
and correct errorsin GO scripts. Thisis especially trueif, as so many GO scripts do, the
scripts are made silent by containing the command CANCEL MODE VERIFY. Ina
silent script it can be unclear from where within the script an error messageis
originating.

A special VERIFY mode has been provided to assist with locating the source of these
error messages

SET MODE VERI FY: ALWAYS

The ALWAY S argument to this command instructs Ferret to ignore CANCEL MODE
VERIFY commands inside of command files. All of the script commands that Ferret
executes will be echoed when this mode is set. Error messages will appear with the
commands that generated them. To restore normal non-debugging operations issue
CANCEL MODE VERIFY or SET MODE VERIFY (no argument) interactively from


file:///Z|/ansley/FERRET/HOMEPAGE/Documentation/Users_Guide/doc_for_pdf/Chapter5_Animations_and_gif_images.htm#Chapter5-Advanced_Movie

theyes? prompt.

Complex webs of variable definitions (defined with LET or DEFINE VARIABLE) may
also create challenges for debugging scripts. See Debugging Complex Hierarchies of
Expressions (p. 126) for further discussion of thistopic.

Chl Sec6. SAMPLE DATA SETS

A number of demonstration data sets are included with this distribution. Several of these
data sets are used by the demonstration "GQO" files, above. The data sets should be
accessible smply by typing the Ferret command

yes? USE data_set nane for example,
yes? USE coads_cl i mat ol ogy

Data set Description
etopol120 relief of the earth's surface at 120-minute resolution
etopo60 relief of the earth's surface at 60-minute resolution

levitus _climatology  subset of the Climatological Atlas of the World Oceans by
Sydney Levitus (Note: the updated World Ocean Atlas, 1994, is
also available with Ferret)

coads climatology  12-month climatology derived from 1946-1989 of the
Comprehensive Ocean/Atmosphere Data Set

monthly _navy winds monthly-averaged Naval Fleet Numerical Oceanography Center
globa marine winds (1982—-1990)



esku_heat budget Esbensen-Kushnir 4x5 degree monthly climatology of the
global ocean heat budget (25 variables)

Chl1 Sec7. UNIX TOOLS

A number of tools are provided with Ferret to assist with Unix-level activities: on-line
help, converting data to Ferret's formats, locating files, etc. They arelocated in the
Ferret installation area—typically $FER_DIR/bin. See the chapter "Copmuting
Environment", section "Setting up to run Ferret" (p. 235), if the tools are not available

on-line. They are described below.

Faddpath Usage: Faddpath new_path

Faddpath will add a new path name to the default lists of directories that Ferret searches
a) in response to the SET DATA command; b) when looking for grid definition files; c)
when looking for datafiles.

Fapropos Usage: Fapropos string  (i.e. % Fapr opos regri ddi ng)

Fapropos searches the Ferret User's Guide for al occurrences of the given word or
string. The string is not case sensitive. If the string contains multiple words it must be
enclosed in quotation marks. Fapropos will list al lines of the User's Guide that contain
the word or string and report their line numbers. The line numbers may be used with
Fhelp to enter the User's Guide at the desired location.

Fdata Usage: Fdata data file substring
Searches the list of directories contained in the environment variable FER_DATA to
find the data files whose names contain the indicated substring. For example,

% Fdat a coads

locates the data files containing "coads' in their names. (Use this command to |locate
NetCDF data sets by giving the string "cdf".)

Fdescr Usage: Fdescr des_name_substring



Searchesthe list of directories contained in the environment variable FER_DESCR to
find the descriptor files whose names contain the indicated substring. For example,

% Fdescr coads

locates the descriptor files containing "coads' in their names. ("Fdescr .des’ will list all
accessible descriptors.)

Fenv Usage: Fenv
Prints the values of environment variables used by Ferret

Fgo Usage: Fgo name_substring
Searchesthe list of directories contained in the environment variable FER_GO to find
the GO command files whose names contain the indicated substring. For example,

% Fgo grid
locates the Ferret tools that contain "grid".

Fgrids Usage: Fgrids gridfile_substring
Searches the list of directories contained in the environment variable FER_GRIDS to
find the grid definition files whose names contain the indicated substring. For example,

% Fgrids fnoc

locates the grid definition files containing “fnoc" in their names. ("Fgri ds . grd"
will list all accessible grid files.)

Fpalette Usage: Fpalette name_substring
Searchesthe list of directories contained in the environment variable FER_PALETTE to
find the palette files whose names contain the indicated substring. For example,

% Fpal ette bl ue
locates the pal ette files containing "blue" in their names.
Fpurge Usage: Fpurge filename_template

Fpurge is a support routine to manage multiple versions of files created by
Ferret—particularly journal files and graphic metafiles. Fpurge will remove al versions



of afile except the current version. For example, "Fpurge ferret.jnl™ will eliminate all
past versions of ferret.jnl in the current directory.

Fsort Usage: Fsort filename_template

Fsort is a support routine for sorting file versions. Fsort reorders the incorrect ordering
of emacs-style version numbers assigned by the Unix "Is" utility. For example, when
sorting, Iswill place filename.~19~ before filename.~2~. "Fsort filename*" will take
care of this problem. Fsort may be used in Unix pipes.

Chl Sec8. HELP

Ch1 Sec8.1. Examplesand demonstrations

As discussed earlier in this chapter (Getting Started, GO files), the demonstrations that
come with the Ferret distribution are a source of help. See the introductory chapter,
section "Demonstration files," (p. 16) for alist of demonstrations, or ook in

$FER_DIR/examples; you may find something that addresses your problem.

Chl Sec8.2. Help from within Ferret

Typing "help" while running Ferret will give you information on using the Unix tool
Fhelp to access the User's Guide.

The Ferret command SHOW COMMANDS will list all Ferret commands; SHOW
COMMAND "command" will display all qualifiersfor the specified command.

The Ferret command SHOW FUNCTIONS lists all Ferret functions and their
arguemnts. SHOW FUNCTION *string* will show all functions containing the string
"string”. SHOW FUNCTIONS EXTERNAL shows the names and arguments of
external functions (see External Functions Chapter, page 271)

The Ferret command SHOW TRANSFORMS lists all Ferret transforms, including



variable transforms and regridding transforms.

If you want to get details on a script, type 'GO/HELP scriptname” to see the
documentation at the start of the script. For example:

A& HELP | and

When writing scripts, include documentation listing the purpose of the script and its
argumentsin the first few lines of the script. Then this feature will let you and others
who may use the script get instant information about it.

Ch1 Sec8.3. Web-based information

From the Ferret web page, at http://www.ferret.noaa.qov/Ferret, see these sections:

1. Ferret support policy outlines the support available to users and sources of
information

2. FAQ section discusses many topics where gquestions often arise.

3. Email archives, which are searchable and contain questions and solutions from the
Ferret users group.

4. Documentation section, including release notes, this manual which is updated

regularly on the web, and on-line information on demonstration scripts, data formats,
and the Plot Plus graphics used by Ferret.

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 2: DATA SET BASICS

Ch2 Secl. OVERVIEW

Ferret accepts input data from both ASCII and binary files and recognizes two standardized,
self-describing data formats—NetCDF, and TMAP. Network Common Data Format
(NetCDF) is the suggested method of data storage.

SET DATA _SET or just SET DATA specifies a data set for access. ASCII and binary files
can beread using SET DATA/EZ (also known as"FILE"). To unambiguously specify the
format of a data set, include the extension .cdf or .desin its name, or use the qualifier
/[FORMAT=CDF.

To examine what each data set consists of (variables, grids, etc.) after specifying them with
SET DATA, use SHOW DATA. This command displays the variables in the data set and
over what geographical and time ranges they are defined.

Here is an example of Ferret's outpuit:

yes? SET DATA coads_cl i mat ol ogy

yes? SHOW DATA

currently SET data sets:
1> /home/ el/tmap/ f er _dset s/ descr/coads_clinmatol ogy. des (default)

nane title I J K L

SST SEA SURFACE TEMPERATURE 1: 180 1: 90 1:1 1:12
Al RT Al R TEMPERATURE 1: 180 1: 90 1:1 1:12
SPEH SPECI FIC HUM DI TY 1: 180 1: 90 1:1 1:12
WSPD W ND SPEED 1: 180 1: 90 1:1 1:12
UWAD ZONAL W ND 1: 180 1: 90 1:1 1:12
VVWND VERI DI ONAL W ND 1: 180 1: 90 1:1 1:12
SLP SEA LEVEL PRESSURE 1: 180 1: 90 1:1 1:12

If multiple data sets have been requested in a single Ferret session, the last requested will be
the default data set. To specify other data sets, use the name of the data set or the number of
the set as given by the SHOW DATA statement. For example:

yes? LIST/D=2 tenp

will list the datafor the variable "temp" in data set number 2 as displayed by SHOW
DATA/BRIEF, while



yes? LI ST tenp[ D=l evitus_clinmatol ogy] - tenp[D=coads_clinatol ogy]

will list the differences between the variable "temp" in data set "levitus_climatology" and
data set "coads_climatology."

Once a data set has been opened, you can find the data set name viathe RETURN keyword
(see p. 120):

yes? say ~var, RETURN=dset "
yes? say var, RETURN=dset num

If afilename begins with a number, Ferret does not recoginze it, but the file may be
specified using its unix pathname, e.g.

yes? use "./123"

or

yes? filel/var=a "./ 45N _180W dat "

Ch2 Sec2. NETCDF DATA

The Network Common Data Format (NetCDF) is an interface to alibrary of data access
routines for storing and retrieving scientific data. NetCDF allows the creation of data sets
which are self-describing and platform-independent. NetCDF was created under contract
with the Division of Atmospheric Sciences of the National Scientific Foundation and is
available from the Unidata Program Center in Boulder, Colorado (unidata.ucar.edu).

See the chapter "Converting Datato NetCDF" (p. 245), for a complete description of how to
create NetCDF data sets or how to convert existing data sets into NetCDF.

To output avariable in NetCDF, simply use:

yes? LI ST/ FORVAT=CDF vari abl e_nane

LIST/FORMAT=CDF (alias SAVE) can also be used with abstract variables:



yes? SAVE/ Fl LE=exanpl e. cdf/1=1: 100 sin(l/100)
Thiswill create afile named example.cdf.

The current region and data sets determine the variable names in the saved file and the
range over which they are saved. Saved data can then be accessed as follows:

yes? USE exanpl e
(USEisan aliasfor SET DATA/FORMAT=CDF, see)

To read a NetCDF dataset that is on a DODS server, simply specify the DODS addressin
quotes:

yes? use "http://ww. ferret.noaa. gov/ cgi -bi n/ nph-
nc/ dat a/ coads_cl i mat ol ogy. nc"

If afilename is not specified, Ferret will generate one. (See command SET LIST/FILE in
the Commands Reference section, p. 377). An example of converting TMAP-formatted data

to NetCDF goes as follows:

yes? SET DATA coads_cl i mat ol ogy
yes? SAVE/ L=1 sst,airt, uwnd, vwnd

These commands will save sst, airt, uwnd, and vwnd at the first time step over their entire
regions to a NetCDF file named by Ferret.

One advantage to using NetCDF is that users on adifferent system (i.e., VM S instead of
Unix) with different software (i.e., with an analysis tool other than Ferret) can share data
easily without substantial conversion work. NetCDF files are self-describing; with asimple
command the size, shape and description of all variables, grids and axes can be seen.

Ch2 Sec2.1. NetCDF data and strides

With Ferret version 5.1 , the internal functioning of netCDF reads has been changed when
"strides" are involved. Suppose that CDFV AR represent avariable from NetCDF file. In
version 5.0 and earlier the command PLOT CDFVAR[L=1:1000:10] would have read the
entire array of 1000 points from the file; Ferret'sinternal logic would have subsampled



every 10th point from the resulting array in a manner that was consistent for NetCDF
variables, ASCI| variables, user defined variables, etc. In V5.1 strides applied to netCDF
variables are given special treatment -- subsampling is done by the netCDF library. The
primary benefit of thisisto make network access to remote data sets viaDODS more
efficient. Beginning with Ferret v5.4, strides can be applied across the "branch point” of a
modulo variable without loss of efficiency for netCDF data set, aslong asthe strideisan
integer fraction of the modulo length times the number of points on the axis. A remote
satellite image of size, say, 1000x1000 points x 8 bit depth (8 megabytes) can efficiently be
previewed using

SHADE DODS_VAR[i =1:1000: 10, j =1: 1000: 10]

If agrid or axis from anetCDF fileis used in the definition of a LET-defined variable (e.g.
LET my_X = X[g=sst[D=coads_climatology]]) that variable definition will be invalidated
when the data set is canceled (CANCEL DATA coads_climtology, in the preceding
example). Thereisasingle exception to this behavior: netCDF files such as

climtological _axes.cdf, which define grids or axes that are not actually used by any
variables. These grids and axes will remain defined even after the data set, itself, has been
canceled. They may be deleted with explicit use of CANCEL GRID or CANCEL AXIS.

Ch2 Sec2.2. NetCDF Data with the bounds attribute

The CF standard for NetCDF files defines a bounds attribute for coordinate axes, where the
upper and lower bounds of the grid cells along an axis are specified by a bounds variable
which is of size n*2 for an axis of length N. See Section 7.1 of the CF document

http://www.cqd.ucar.edu/cms/eaton/cf-metadata/ CF-1.0.htmll

The coordinates on the axis may be anywhere within the cells defined by the upper and
lower cell bounds. Ferret uses these as the upper and lower bounds of of axis cells (also
known as boxes). They may be listed or otherwise accessed using the pseudo-variables
XBOXLO, XBHOXH, YBOXLO, €tc.

For example, asimple NetCDF file with bounds would have the following ncdump output:

netcdf irrx {

di mensi ons:
XAX = 4 ;
bnds = 2 ;


http://www.cgd.ucar.edu/cms/eaton/cf-metadata/CF-1.0.html

vari abl es:

doubl e XAX( XAX) ;
XAX: poi nt _spaci nhg = "uneven" ;
XAX:axis = "X' ;
XAX: bounds = " XAX_bnds"

doubl e XAX bnds( XAX, bnds)

fl oat V(XAX)
V. m ssing_value = -1.e+34f
V: _FillValue = -1. e+34f
V: 1l ong_nane = "SEA SURFACE TEMPERATURE" ;

/'l global attributes:
chistory = "FERRET V5. 60 4-Jun- 04" ;

)

dat a:
XAX =1, 2, 5, 6 ;

XAX bnds =
1.5

. 9,
. 5,

an e o
oo |
~N 1N

28. 20222,

28. 36456, 28.35381,0
28. 2165,

28. 48889,

28. 31556 ;

The CF standard allows for axesin afile that may have discontiguous bounds (the upper
bound of one cell is not the same as the lower bound of the next cell). Ferret does not allow
such an axis. When discontiguous bounds are encountered in afile, we arbitrarily choose to
use the lower bounds throughout, with the upper bound of the topmost cell to close the
definition. Thisway all axes have contiguous upper and lower bounds. A warning message
Isissued.

DEFINE AXIS/BOUNDS may be used to create an axis with cell bounds. All irregular
axes are saved with a bounds attribute (beginning with Ferret v5.70) and the user may
request that all axes be written with the bounds attribute with the SAVE/BOUNDS
command

Ch2 Sec2.3. Multi-file NetCDF data sets



Ferret supports collections of NetCDF files that are regarded as asingle NetCDF data set.
Such data sets are referred to as "M C" (multi CDF) data sets. They are particularly useful
to manage the outputs of numerical models. MC data sets use a descriptor file, in the style
of TMAP-formatted data sets. The data set isreferred to inside Ferret by the name of this
descriptor file.

A collection of NetCDF filesis suitable to form amulti-file data set if

1) Thefilesare connected through their time axis—each file represents one or more time
snapshots of the variablesit contains.

2) All non-time-dependent variables in the data set must be contained in the first file of the
data set (or those variables will not appear in the merged, MC, data set).

Note that previous to version 5.2, each file is self-documenting with respect to the time axis
of the variables—even if the time axis represents only a single point. (All of the time axes
must be identically encoded with respect to units and date of thetime origin.) Inversion
5.3 and higher these checks are not performed. This means that the M C descriptor
mechanism can be used to associate into time series groups of files that are not internally
self-documenting with respect to time. See Chapter 10, section 4 (p. 266 )

Beginning with version 5.8 of Ferret the stepfiles may contain different scale and offset
values for the variables they contain. (p. 253). Ferret reads and applies the scale and offset

values as data from each stepfile isread. Note that the commands
yes? SAY “var, RETURN=nc_of fset"
yes? SAY "var, RETURN=nc_scal e’

return the latest scale and offset value that were applied.

A typical MC descriptor file may be found in the chapter "Converting to NetCDF", in the
section "Creating a multi-NetCDF data set." (p. 266)



Ch2 Sec2.4. Non-standard NetCDF data sets

As discussed in the Chapter, "Converting Datato NetCDF," (p. 245) Ferret expects netCDF
files to adhere to the COARDS conventions (http://www.ferret.noaa.gov/noaa coop/
coop cdf profile.html). If the files do not adhere to the COARDS conventions, Ferret will

still attempt to access them. Often, the user can use Ferret controls for regridding,
reshaping, and otherwise transforming data to recover the intended file contents.

Here are afew common ways in which NetCDF files may deviate from the COARDS
standard and how one may cope with those situations in Ferret.

. Fileswith disordered coordinates

In the COARDS conventions an axis (a.k.a. "coordinate variabl€") must have monotonically-
increasing coordinate values. If the coordinates are disordered or repeating in a netCDF file,
then Ferret will present the coordinates to the user (in SHOW DATA) as a dependent
variable, whose name is the axis name, and it will substitute an axis of the index values 1, 2,
3, ... Note that Ferret will apply this same behavior when files have long irregular axis
definitions that exceed Ferret's axis memory capacity.

. Fileswith reverse-ordered axes

If the coordinates of an axis are monotonically decreasing, instead of increasing, Ferret will
transparently reverse both the axis coordinates and the dependent variables that are defined
upon that axis. Note that if Ferret writes areverse-ordered variable to a new netCDF file
(with the SAVE command), the coordinates and data in the output file will be in
monotonically increasing coordinate order—reversed from the input file.

If the values of a dependent variable are reversed, but there is no associated coordinate axis
then use attach a minus sign to the corresponding axis orientation in the USE/ORDER=
gualifier to designate that the variable(s) should be reversed along the corresponding axis.

. Fileswith"invalid" variable names

The COARDS standard specifies that variable names should begin with aletter and be
composed of letters, digits, and underscores. In files where the variable names contain other
letters, references to those variable namesin Ferret must be enclosed in single quotes.

« Fileswith permuted axis ordering


http://www.ferret.noaa.gov/noaa_coop/coop_cdf_profile.html
http://www.ferret.noaa.gov/noaa_coop/coop_cdf_profile.html

The COARDS standard specifiesthat if any or all of the dimensions of a variable have the
interpretations of "date or time" (a.k.a. "T"), "height or depth” (ak.a. "Z"), "latitude" (a.k.a.
"Y"), or "longitude” (ak.a. "X") then those dimensions should appear in the relative order
T, then Z, then Y, then X in the CDL definition corresponding to the file. In files where the
axis ordering has been permuted the command qualifiers USE/ORDER= (Command
Reference, p. 370) alow the user to inform Ferret of the correct permutation of
coordinates. Note that if Ferret writes a permuted variable to a new netCDF file (with the
SAVE command), the coordinates and data in the output file will be in standard X-Y-Z-T
ordering (asindicated in the user’s/ORDER specification)—permuted from the original file
ordering. See the Command Reference (p. 299) for a complete description of the ORDER

gualifier.
. Fileswith more than four dimensions

The COARDS standard specifies that a NetCDF file may be created with more than four
dimensions. However the Ferret framework allows just four dimensions at this time.

Ch2 Sec2.5. NetCDF and non-standard calendars

The NetCDF conventions document discusses and defines usage for different calendar axes.
hese conventions for calendars are implemented in Ferret version 5.3 See:

http://www.cqd.ucar.edu/cms/eaton/cf-metadata/ CF-current.html#cal

The calendars Ferret allows are:

GREGORIAN or STANDARD (default) Ferret uses the proleptic Gregorian calendar,
which is the Gregorian calendar extended to
dates before 1582-10-15.

NOLEAP or 365 DAY All years are 365 days long.
NOLEAP or 365 DAY All years are 365 days long.

ALL_LEAPoOr 366 DAYNL All years are 366 days long.


http://www.cgd.ucar.edu/cms/eaton/cf-metadata/CF-current.html#cal

360_DAY All years are 360 days divided into 30 day
months.

JULIAN Julian calendar; leap years with no
adjustment at the turn of the century.

These calendars are compatible with the Udunits standard which has dlightly different
naming conventions.

http://www.unidata.ucar.edu/packages/udunits/udunits.dat

The NetCDF conventions recommend that the calendar be specified by the attribute
time:calendar which is assigned to the time coordinate variable when there is a non-
Gregorian calendar associated with adata set, i.e.

time:calendar=noleap
Ferret reads this attribute when it is present in aNetCDF file and assigns the appropriate

calendar identifer to the variable. When a variable has a non-Gregorian calendar, the
attribute is written to a NetCDF file when the variable is output to a NetCDF file.

Ch2 Sec3. TMAP-FORMATTED DATA

As of Ferret version 2.30, NetCDF is the suggested format for data storage (see the chapter,
"Converting to NetCDF," p. 245). This section describing TMAP information isincluded

only for users who already work with datain TMAP format.
To access TMAP-formatted data sets use

SET DATA_SET TMAP_set 1, TMAP_set 2,

TMAP_setn must be the name of adescriptor file for adataset that isin TMAP"GT" (grids-
at-timesteps) or "TS" (time series) format. ("Ferret" format and "TMAP" format are
Synonyms.)

If the directory portion of the filename is omitted the environment variable FER_DESCR


http://www.unidata.ucar.edu/packages/udunits/udunits.dat

will be used to provide alist of directoriesto search. The order of directoriesin
FER_DESCR determines the order of directory searches. If the extension is omitted a
default of ".des" will be assumed (if the filename has more than one period, the extension
must be given explicitly).

Descriptors

For every TMAP-formatted data set there is a descriptor file containing summary
information about the contents of the data set. This includes variable names, units, grids,
and coordinates. When the command SET DATA_SET isgiven to Ferret pointing to aGT-
formatted or TS-formatted data set, it is the name of the descriptor file that must be
specified.

Ch2 Sec4. BINARY DATA

Ferret can read binary data files that are formatted with and without FORTRAN record
length headers (binary files without FORTRAN record length formatting are al'so known as
"stream” files).

Ch2 Sec4.1. FORTRAN-structured binary files

Files containing record length information are created by FORTRAN programs using the
ACCESS="SEQUENTIAL" (the FORTRAN default) mode of file creation and also by
Ferret using LIST/FORMAT=unf. Filesthat contain FORTRAN record length headers must
have all data aligned on a 4-byte boundary. Suppose "rrrr" represents 4 bytes of record
length information and "dddd" represents a 4-byte data value. Then FORTRAN-structured
files are organized in one of the following two ways:

Ch2 Sec4.1.1. Records of uniform length

A FORTRAN-structured file with records of uniform length (3 single-precision floating
point data values per record in this figure) looks like this:

rrrr dddd dddd dddd rrrr ...



FORTRAN code that creates a data file of thistype might look something like this
(sequential accessis the default and need not be specified in the OPEN statement):

REAL VARI (10), VAR2(10), VAR3(10)
OPEN( UNI T=20, FORVAT=" UNFORVATTED' , ACCESS=" SEQUENTI AL' , FI LE=' MYFI LE. DAT")

DO 10 1=1, 10
WRI TE (20) VARL(1), VAR2(1), VAR3(I)
10 CONTI NUE

To access data from thisfile, use

yes? SET DATA/ EZ/ FORVAT=UNF/ VAR=var 1, var 2, var 3/ COL=3 nyfil e. dat or,
yes? FI LE/ FORMAT=UNF/ VAR=var 1, var 2, var 3/ COLUWNS=3 nyfil e. dat

Thisisvery similar to accessing ASCI| data with the addition of the /[FORMAT=unf
gualifier. The /COLUMNS= qualifier tells Ferret the number of data values per record.
Although optional in the above example, this qualifier isrequired if the number of data
values per record is greater than the number of variables being read (examplesfollow in
section "ASCII Data").

Ch2 Sec4.1.2. Records of non-uniform length

A FORTRAN-structured file with variable-length records might look like this:

rrrr dddd dddd rrrr

rrrr dddd rrrr

rrrr dddd dddd dddd dddd rrrr
etc.

With care, it is possible to read a datafile containing variable-length records which was
created using the simplest unformatted FORTRAN OPEN statement and asingle WRITE
statement for each variable. Use /[FORMAT=stream to read such files. Note that sequential
accessisthe FORTRAN default and does not need to be specified in the OPEN statement:

REAL VARL(1000), VAR2(500)



OPEN (UNI T=20, FORVAT="UNFORVATTED', FILE="MYFI LE. DAT")

WRI TE (20) VARL
WRI TE (20) VAR2

Use the qualifier /SKIP to skip past the record length information (/SKI1P arguments arein
units of words), and define a grid which will not read past the datavalues. The
/COLUMNS= qualifier can be used when reading multiple variables to specify the number
of words separating the start of each variable:

yes? DEFINE AXI S/ X=1:500:1 xaxis
yes? DEFINE GRI D/ X=XAXIS nygrid
yes? FI LE/ FORVMAT=st r eani SKI P=1003/ GRI D=nygri d/ VAR=var 2 nyfil e. dat

The argument 1003 is the sum of the 1000 datawordsin record 1, plus 2 words of record
length information surrounding the data valuesin record 1 (variable varl), plus 1 word of
record information preceding the data in record 2.

Ch2 Sec4.1.3. Fortran binary files, variables on different grids.

Some FORTRAN-structured files have multiple variables per record which do not share a
common grid. An example would be one year of a global monthly field stored as twelve
records like this:

rrrr year nonth field(360x180) rrrr

The datafile size is (1+1+1+360* 180+1)* 12*4 = 3110592 bytes. Such afile cannot be read
with the/FORMAT=unf qualifier but can be read with the /FORMAT=stream qualifier
described in the next section. By including the /SWAP qualifier, this technique can be used
to read files created on a machine with a different byte ordering.

The following commands will read this file and assign the data to the appropriate grid:

yes? | Create an X axis for an entire record.
yes? DEFI NE AXI S/ X=1: " 3+360*180+1 :1 bi nary_x
yes? DEFINE AXI S/ T=1:12:1 binary_t

yes? DEFINE GRI DY X=bi nary_x/T=binary_t binary_g

yes? ! Read in everything.



yes? FI LE/ FORVAT=streant G=bi nary_g/ VAR=val binary file

I Create the grid for the data field.

yes? DEFI NE AXI S/ MODULQ X=0. 5: 359. 5: 1 1ldeg_x

yes? DEFI NE AXI S/ Y=-89.5:89.5:1 1deg_y

yes? DEFI NE AXI S/ T=15-j an- 1999: 15-dec-1999: 1/ UNI TS=nont h nont h_1999 t
yes? DEFI NE CGRI D X=1deg_x/ Y=1deg_y/ T=nont h_1999 t 1deg_1999 ¢

yes? | Create a variable that uses this grid.
yes? LET dummy = x[ GX=R_1ldeg_ 1999 g] + y[GY=R _1ldeg 1999 g] +
t[ GT=R_1deg_1999 (]

yes? ! Reshape the data portion of val onto the data grid.
yes? LET field = RESHAPE(val [i=4: 3+360*180 ], dummy)

Ch2 Sec4.2. Stream binary files

Files without embedded record length information are created by FORTRAN programs
using ACCESS="DIRECT" in OPEN statements and by C programs using the C studio
library. These files can contain amix of integer and real numbers. The following types can
be read from an unstructured file:

FORTRAN C Sizein bytes
INTEGER* 1 char 1
INTEGER*2 short 2
INTEGER*4 int 4
REAL*4 float 4

REAL*8 double 8



Ch2 Sec4.2.1. Simplestream files

Suppose "dddd" represents a 4-byte data value. Then a stream (or "direct access') binary
file of FORTRAN REAL*4 or C floats is.

dddd dddd dddd dddd dddd dddd ...

The structure of the records isimplied by the program accessing the data. FORTRAN code
which generates a direct access binary file might look like this:

REAL*4 MYVAR( 10, 5)

C Use RECL=40 for machines that specify in bytes

OPEN(UNI T=20, FILE="nyfile.dat", ACCESS="DI RECT", RECL=10)

DO 100 j =1, 5
100 WRI TE (20, RECSj) (MYVAR(i,j),i=1, 10)
Use the following Ferret commands to read variable "myvar” from thisfile:

yes? DEFI NE AXI S/ X=1:10:1 x10

yes? DEFINE AXI S/ Y=1:5:1 y5

yes? DEFI NE GRI D) X=x10/ Y=y5 g10x5

yes? FlI LE/ VAR=EMYVAR/ GRI D=g10x5/ FORVAT=stream nyfil e. dat

If thefile consisted of a set of FORTRAN REAL*8 or C doubles, then the data would look
like:

dddddddd dddddddd dddddddd . ..

and the following Ferret commands would read the datainto "myvar":
yes? DEFINE AXI S/ X=1:10:1 x10

yes? DEFINE AXI S/ Y=1:5:1 y5

yes? DEFI NE GRI DY X=x10/ Y=y5 g10x5

yes? FlI LE/ VAR=MYVAR/ GRI D=g10x5/ FORMAT=stream type=r8 nyfil e. dat



Note the addition of the "type" qualifier. See the FILE command (p. 330) for more details.

Since Ferret represents all variables as REAL*4, some precision islost when reading in
REAL*8 or INTEGER*4 values. Also, some REAL*8 numbers cannot be represented as
REAL*4 numbers; the internal Ferret value of such a number is system dependent.

Ch2 Sec4.2.2. Mixed stream files

Ferret can read binary files that contain a mix of numbers of different type. However, a
given Ferret variable can only be one type. Say you have afile containing amix of REAL*8
and REAL*4 numbers:

dddddddd dddd dddddddd dddd dddddddd ...

The following would successfully read the file:

yes? FI LE/ VAR=MYDOUBLE, MYFLOAT/ GRI D=sonegri d/ FORMAT=streani t ype=r8,r4
myfile. dat

while:

yes? FlI LE/ VAR=MYDOUBLE/ GRI D=soneot her gri d/ FORMAT=streani t ype=r8,r4
nyfil e. dat

would fail.

Ch2 Sec4.2.3. Byte-swapped stream files

Stream files with byte-swapped numbers can be read with the /SWAP qualifier. Note that
the /ORDER and /SKIP qualifiers are also available (see chapter "Data Set Basics', section
"Reading ASCII files," p. 45, for more details on /ORDER and /SKIP).

Ch2 Sec5. ASCII DATA



To access ASCII datafile sets use

yes? SET DATA/EZ ASClII _file_nane  orequivaently
yes? FILE ASCI| _file_nane

Thefollowing are qualifiersto SET DATA/EZ or FILE:

Qualifier Description

Use command SET VARIABLE to individually customize the variables.

Ch2 Sec5.1. Reading ASCI | files

Below are several examples of reading ASCII data properly. (Uniform record length,
FORTRAN-structured binary data are read similarly with the addition of the qualifier
[FORMAT="unf". Seethe chapter on "Data Set Basics', section "Binary Data," p. 40, for
other binary types). First, we look briefly at the relationship between Ferret and standard
matrix notation.

Linear algebra uses established conventions in matrix notation. In amatrix A(i,j), the first
index denotes a (horizontal) row and the second denotes a (vertical) column.

All Al2 Al3 Aln
A21 A22 A23 A2Zn Matrix A(i,))
Aml Am?2 Am3 Amn

X-Y graphs follow established conventions as well, which are that X is the horizontal axis



(and in a geographical context, the longitude axis) and increases to theright, and Y isthe
vertical axis (latitude) and increases upward (Ferret provides the /DEPTH qualifier to
explicitly designate axes where the vertical axis convention is reversed).

In Ferret, the first index of amatrix, i, is associated with the first index of an (x,y) pair, X.
Likewise, j correspondsto y. Element Am2, for example, corresponds graphically to x=m
and y=2.

By default, Ferret stores datain the same manner as FORTRAN—the first index varies
fastest. Use the qualifier /ORDER to alter this behavior. The following examples
demonstrate how Ferret handles matrices.

Example 1—1 variable, 1 dimension

1a) Consider a data set containing the height of a plant at regular timeintervals, listed in a
single column:

ahwn
oUW

To access, name, and plot this variable properly, use the commands

yes? FI LE/ VAR=hei ght pl ant. dat
yes? PLOT hei ght

1b) Now consider the same data, except listed in four columns;

2.3 3.1 4.5 5.6
5.7 5.9 6.1 7.2

Because there are more values per record (4) than variables (1), use:

yes? FI LE/ VAR=hei ght / COLUWS=4 pl ant 4. dat
yes? PLOT hei ght

Example 2—1 variable, 1 dimension, with a large number of data points.



The ssmple FILE command:

yes? FI LE/ VAR=hei ght pl ant. dat

uses an abstract axis of fixed length, 20480 points. If your datais larger than that, you can
read the data by defining an axis of appropriate length. Set the length to a number equal to
or larger than the dimension of your data. The plot command will plot the actual number of
pointsin thefile.

yes? DEFI NE AXI S/ X/ X=1:50000: 1 | ongax

yes? DEFINE GRI D/ X=I ongax biggrid

yes? FlI LE/ VAR=hei ght/ GRI D=bi ggri d pl ant . dat
yes? PLOT hei ght

Example 3—2 variables, 1 dimension

3a) Consider adata set containing the height of a plant and the amount of water given to the
plant, measured at regular time intervals:

arwN
o Ul P W
PR W
NORPO
w~NN D

To read and plot this data use

yes? FI LE/ VAR="hei ght,water" plant_wat . dat
yes? PLOT hei ght, wat er

3b) The number of columns need be specified only if the number of columns exceeds the
number of variables. If the dataarein six columns

2.3 20. 4 3.1 31.2 4.5 15.7

use

yes? FI LE/ VAR="hei ght, wat er"/ COLUWNS=6 pl ant _wat 6. dat
yes? PLOT hei ght, wat er



Example 4—1 variable, 2 dimensions

4a) Consider a different situation: a greenhouse with three rows of four plants and afile
with a single column of data representing the height of each plant at asingle time
(successive values represent plantsin arow of the greenhouse):

o whkonw
PO oONOR

If we want to produce a contour plot of height as afunction of position in the greenhouse,
axes will have to be defined:

yes? DEFINE AXI S/ X=1:4:1 xpl ants

yes? DEFINE AXI S/ Y=1:3:1 yplants

yes? DEFI NE GRI D) X=xpl ant s/ Y=ypl ants gpl ants

yes? FI LE/ VAR=hei ght/ GRI D=gpl ant s greenhouse_pl ant s. dat
yes? CONTOUR hei ght

When reading data the first index, X, variesfastest. Schematically, the data will be assigned
asfollows:

w w x
(S =
SENES
R OODN
_O'I><
MW
A X

< <K<
Il
WN P

4b) If the file in the above example has, instead, 4 values per record:

3.1 2.6 5.4 4.6
3.5 6.1

then add /COLUMNS=4 to the FILE command:

yes? FI LE/ VAR=hei ght / COLUWNS=4/ GRI D=gpl ant s gr eenhouse_pl ant s. dat

Example 5—2 variables, 2 dimensions



Like Example 3, consider a greenhouse with three rows of four plants each and a data set
with the height of each plant and the length of its longest |eaf:

. 54
.37
. 66
.71
.14
.95

o whkonw
PO oOMOR
Oo0ooooo

Again, axes and a grid must be defined:

yes? DEFINE AXI S/ X=1:4:1 xht_| eaf

yes? DEFINE AXI S/ Y=1:3:1 Yht | eaf

yes? DEFI NE GRI D/ X=xht _| eaf/ Y=yht _| eaf ght _| eaf

yes? FILE/ VAR="hei ght, | eaf "/ GRI D=ght _| eaf greenhouse_ht | f. dat
yes? SHADE hei ght

yes? CONTOUR/ OVER | eaf

The above commands create a color-shaded plot of height in the greenhouse, and overlay a
contour plot of leaf length. Schematically, the data will be assigned as follows:

x=1 X=2 X=3 x=4

5.4, 0.66 4.6, 0.71

Example 6—2 variables, 3 dimensions (time series)

Consider the same greenhouse with height and leaf length data taken at twelve different
times. The following commands will create athree-dimensional grid and a plot of the height
and leaf length versus time for a specific plant.

yes? DEFINE AXI S/ X=1:4:1 xplnt_tm

yes? DEFINE AXIS/Y=1:3:1 yplnt_tm

yes? DEFINE AXI S/ T=1:12:1 tplnt_tm

yes? DEFINE GRI D/ X=xpl nt _tnl Y=ypl nt_tnl T=t pl nt _tm gpl ant 2
yes? FI LE/ VAR="hei ght, | eaf "/ GRI D=gpl ant 2 green_ti ne. dat
yes? PLOT/ X=3/Y=2 hei ght, | eaf

Example 7—1 variable, 3 dimensions, permuted order (vertical profile)



Consider a collection of oceanographic measurements made to a depth of 1000 meters.
Suppose that the data file contains only asingle variable, salt. Each record contains a
vertical profile (11 values) of a particular x,y (long,lat) position. Supposing that successive
records are successive longitudes, the data file would look as follows (assume the
equivalencies are not in thefile):

z=0 z=10 z=20

x=30Wy=5S 35.89 35.90 35.93 35.97 36.02 36.05 35.96 35.40 35.13 34.89
34.72

Xx=29Wy=5S 35.89 35.91 35.94 35.97 36.01 36.04 35.94 35.39 35.13 34.90
34.72

Use the qualifier /[DEPTH= when defining the Z axis to indicate positive downward, and
/ORDER when setting the data set to properly read in the permuted data:

yes? DEFI NE AXI S/ X=30W 25W 1/ UNI T=degr ees sal x

yes? DEFI NE AXI S/ Y=5S: 5N:. 1/ UNI T=degr ees saly

yes? DEFI NE AXI S/ Z=0: 1000: 100/ UNI T=n®et er s/ DEPTH sal z
yes? DEFI NE GRI D/ X=sal x/ Y=sal y/ Z=sal z sal grid

yes? FlI LE/ ORDER=zxy/ GRI D=sal gri d/ VAR=sal / COL=11 sal . dat

Ch2 Sec5.2. Reading" DELIMITED" datafiles

SET DATA/FORMAT=DELIMITED[/DELIMITERS=][/TY PE=][/VAR=] filename

For "delimited" files, such as output of spreadsheets, SET DATA/FORMAT=DELIMITED
initializes files of mixed numerical, string, and date fields. If the data types are not specified

thefileis analyzed automatically to determine data types.

The alias COLUMNS stands for "SET DATA/FORMAT=DELIMITED". (See p.372 for the
full syntax.)



Example 1: Strings, latitudes, longitudes, and numeric data.

Thisfileisdelimited by commas. Some entries are null; they are indicated by two commas
with no space between. Filedelimited read 1.dat contains:

coll, <col2 col 3 col4 col5 col6 <col7

one 1.1 24S, 130E ,, lel

t wo 2.2, 24N, 130W 2S

three ,, 3.3, 24, 130, 3N, 3e-2
five . 4.4, -24, -130, 91, -4e?2

extra line

If thereisno /TY PE qudlifier, the datatype is automatically determined. If al entriesin the
column match a data type they are assigned that type. First let'stry thefileasis, using
automatic analysis. Record 1 contains 5 column headings (text) so V1 through V5 are
analyzed astext variables.

yes? FI LE/ FORVAT=delim delimted read 1. dat
yes? LI ST v1,v2,v3,v4,v5,v6,v7,v8
DATA SET: ./delimted read 1. dat
X 0.5to0 7.5

Colum 1: V1
Colum 2: V2
Col um 3: V3
Colum 4: V4
Colum 5: V5
Colum 6: V6
Colum 7: V7

Vi V2 V3 V4 V5 V6 V7
1 / 1. "col 1" "col 2" "col 3" "col 4" "colb5" " " Ce
2 [ 2: "one" e 1.1 "24s" "130E" " " 10.0
3 / 3: "two" v "2.2"  "24N' "130W "2S" .
4 [ 4: "three" e "3.3" "24" "130" "3N' 0.0
5 /[ 5 " " " "o "o e
6 [/ 6: "five" "o "4.4" "-24" "-130" "91" -400.0
7 [/ 7: "extra line" " " "o v "o v

Now skip thefirst record to do a better "analysis® of the file fields. Explicitly name the
variables. Note that v3 is correctly analyzed as numeric, A4 islatitude and A5 longitude.
A6 is analyzed as string data, because the value 91 in record 5 does not fall in the range for
latitudes, and records 2 and 3 contain mixed numbers and | etters.

yes? FI LE/ FORVAT=DELI M SKI P=1/ VAR="al, a2, a3, a4, a5, a6, a7, a8, a9"
delimted read_ 1.dat



es” al, a2, a3, a4, a5, a6, a

yes? LI ST al, a2, a3, a4, a5, a6, a7
DATA SET: ./delimted read 1. dat
X: 0.5to 6.5

Colum 1: Al
Colum 2: A2 is A2 (all values m ssing)
Colum 3: A3
Colum 4. A4 is A4 (degrees_north)(Latitude)
Colum 5: A5 is A5 (degrees_east) (Longitude)
Colum 6: A6
Colum 7: A7

Al A2 A3 A4 A5 A6 A7
1 / 1: "one" ... 1.100 -24.00 130.0 " " 10.0
2 [/ 2: "two" ... 2.200 24.00 -130.0 "2s" -
3 |/ 3: "three" ... 3.300 24.00 130.0 "3N' 0.0
4 /| 4 " C Ce Ce o Ce
5 [/ 5 "five" ... 4.400 -24.00 -130.0 "91" -400.0
6 /[ 6: "extra line"... "

Now usethe /TY PE qualifier to specify that all columns be treated as numeric.

yes? FI LE/ FORVAT=del i i1 SKI P=1/ TYPE=nuneric delimted read 1. dat
yes? LI ST vl1,v2,v3,v4,v5,v6,v7,v8

DATA SET: ./delimted_read 1. dat

X 0.5t0 6.5

Colum 1: Vi1
Col um 2: V2
Col um 3: V3
Colum 4: V4
Colum 5: V5
Columm 6: V6
Colum 7: V7
Vi V2 V3 V4 V5 V6 V7
1 [ 1., .. 1.100 C C C 10.0
2 [ 2:...... 2.200 C C C C
3 [ 3:...... 3.300 24.00 130.0 C 0.0
4 [ 4. ..... c C C C C
5 [ 5....... 4.400 -24.00 -130.0 91.00 -400.0
6 [ 6:......

Hereis how to read only thefirst line of thefile. If the variables are not specified, 7
variables are generated because auto-analysis of file doesn't stop at the first record. Usethe
command COLUMNS, the alias for FILE/FORMAT=delimited

yes? DEFI NE AXI S/ X=1:1:1 xlyes? DEFINE GRI D/ X=x1 gl
yes? COLUWNS/ GRI D=gl delimted_read_1. dat
LI ST v1,v2,v3,v4,v5,v6, v7

DATA SET: ./delimted read 1. dat



X1

Colum 1: Vi1
Col um 2: V2
Colum 3: V3
Colum 4: V4
Colum 5: V5
Colum 6: V6
Colum 7: V7
V1 V2 V3 V4 Vs V6 V7
I/ *: "col 1" "col 2" "col 3" "col 4" "col5" " " ... " "

Define the variables to read.

yes? COLUWNS/ GRI D=g1/ VAR="c1, c2,c3,c4,ch" delimted read 1. dat
yes? LI ST cl1,c2,c3,c4,ch
DATA SET: ./delimted read 1. dat

X 1
Colum 1: C1
Colum 2: C2
Colum 3: C3
Colum 4. 4
Colum 5: C5
C1 c2 C3 o7} C5
|/ *: "col 1" "col 2" "col 3" "col 4" "col 5"

Example 2: File using blank as a delimiter.

Ferret recognizes the file as containing date and time variables, further explored in Example
3 below. Hereisthefiledelimited read 2.dat. Thereisarecord of many blanksin record
2.

1981/12/03  12:35:00

1895/2/6 13:45:05

Read the fileusing /DELIMITER=""

yes? FI LE/ FORMFdel i m ted/ DELI M TER=" " delim ted_read_2. dat
yes? LI ST v1,v2

DATA SET: ./delimted read 2. dat

X: 0.5to 3.5
Colum 1: V1 is V1 (days)(Julian days since 1-Jan-1900)
Colum 2: V2 is V2 (hours)(Tine of day)

V1 V2
1 / 1. 37965. 12.58



N
~ -
W N

39051. 13.75

Example 3: dates and times

Note that record 3 has syntax errorsin thefirst 4 fields. Hereisdelimited _read_3.dat:

12/1/99, 12:00, 12/1/99, 1999-03-01, 12:00, 13:45:36.5
12/2/99, 01:00:13.5, 12/2/99, 1999-03-02, 01:00:13.5, 14:45:36.5
12/ 3/ 99x, 2:00x, 12/3/99, 1999-03-03, 2:00, 15: 45
12/ 4/ 99, 03: 00, 12/ 4/ 99, 1999-03-04, 03:00, 16:45:36.5

Read with auto-analysis. The records with syntax errors cause variables 1 and 2 to be read
as string variables.

yes? COLUWNS delimted_read_3. dat

yes? LI ST v1,v2,v3,v4,v5,v6
DATA SET: ./delimted read 3. dat
X: 0.5to 4.5

Colum 1: V1
Col um 2: V2
Colum 3: V3 is V3 (days)(Julian days since 1-Jan-1900)
Colum 4. V4 is V4 (days)(Julian days since 1-Jan-1900)
Colum 5: V5 is V5 (hours)(Tinme of day)
Colum 6: V6 is V6 (hours)(Tinme of day)

V1 V2 V3 V4 V5 V6
1/ 1: "12/1/99" "12:00" 36493. 36218. 12.00 13.76
2 [ 2: "12/2/99" "01:00:13.5" 36494. 36219. 1.00 14.76
3 [/ 3: "12/3/99x" "2:00x" 36495. 36220. 2.00 15.75
4 | 4: "12/4/99" "03:00" 36496. 36221. 3.00 16.76

Use the date variables in v3 and v4 to define time axes. The date encodings are as
expected.

yes? DEFI NE AXI S/ T/ UNI TS=days/ TO=1-j an-1900 tax = v3
yes? SHOW AXI S t ax

name axi s # pts start end
TAX TI VE 4 r 01- DEC- 1999 00: 00 04- DEC- 1999
00: 00

TO = 1-JAN- 1900

yes? DEFI NE AXI S/ T/ UNI TS=days/ TO=1-j an-1900 tax = v4
yes? SHOW AXI S t ax
name axi s # pts start end



TAX TI ME 4 r 01- MAR- 1999 00: 00 04- MAR- 1999
00: 00
TO = 1-JAN- 1900

Next we'll specify each column'stype. Only the first two characters of the type are needed.
Now we can read those columns which had errors, except for the record with the errors.

yes? COLUWS/ TYPE="da,ti,date, date, tinme, tinme" delimted read_3.dat
yes? LI ST v1,v2,v3,v4,v5,v6

DATA SET: ./delimted read 3. dat

X 0.5to 4.5

Colum 1: V1 is V1 (days)(Julian days since 1-Jan-1900)
Colum 2: V2 is V2 (hours)(Tinme of day)

Colum 3: V3 is V3 (days)(Julian days since 1-Jan-1900)
Colum 4. V4 is V4 (days)(Julian days since 1-Jan-1900)
Colum 5: V5 is V5 (hours)(Tinme of day)

Colum 6: V6 is V6 (hours)(Tinme of day)

V1 V2 V3 V4 V5 V6

1 / 1: 36493. 12.00 36493. 36218. 12.00 13.76

2 | 2. 36494. 1.00 36494. 36219. 1.00 14.76

3 / 3: Ce .... 36495. 36220. 2.00 15.75

4 | 4: 36496. 3.00 36496. 36221. 3.00 16.76

Delimiters can be used to break up individual fields. Use both the slash and a comma
(indicated by backslash and commal,)

FI LE/ FORM=del i mf DELI M="/,\," delimted read_3. dat
LI ST V1,V2,V3, V4, v5, v6

DATA SET: ./delimted read 3. dat

X: 0.5to 4.5

Colum 1: V1
Col um 2: V2
Colum 3: V3
Colum 4: V4
Colum 5: V5
Colum 6: V6
V1 V2 V3 V4 V5 V6
1 / 1. 12.00 1.000 "99" "12:00" 12.00 1.000
2 / 2: 12.00 2.000 "99" "01:00:13.5" 12.00 2.000
3 / 3: 12.00 3.000 "99x" "2:00x" 12.00 3.000
4 / 4. 12.00 4.000 "99" "03:00" 12.00 4.000

Ch2 Sec6. TRICKSTO READING BINARY AND ASCII FILES



Since binary and ASCI| files are found in a bewildering variety of non-standardized formats
afew tricks may help with reading difficult cases.

. Sometimes variables are interleaved with data axes in unstructured (stream) binary
files. A simpletrick isto read them al asasingle variable, say, "Vall," in which the
sequence of variablesinthefileV1, V2, V3, ... isregarded as an axis of the grid.
Then extract the variables by defining V1 = Val[lI=1] (if the| axiswas used, else
J=1, K=1, or L=1) as needed.

. Insome ASCII files the variables are presented as blocks—afull grid of variable 1,
then afull grid of variable 2, etc. These files may be read using Unix soft links so
that the same file can be opened as several Ferret data sets. Then usethe FILE
command to point separately to each soft link using the /SKIP qualifier to locate the
correct starting point in the file for each variable. For example,

Unix commands:;

In -s ny_data ny_dat.vl
In -s ny_data ny_dat.v2
In -s ny_data ny_dat.v3

Ferret commands:

yes? FILE/ SKI P=0/ VAR=v1 ny_dat. vl
yes? FILE/ SKI P=100/ VAR=v2 ny_dat . v2
yes? FI LE/ SKI P=200/ VAR=v3 ny_dat . v3

. If an ASCII file contains a repeating sequence of records try describing the entire
sequence using asingle FORTRAN FORMAT statement. An example of such a
statement would be (3F8.4,2(/5F6.2)). The slash character and the nested parentheses
allow multi-record groups to appear as a single format. Note that the /COLUMNS
qgualifier should reflect the total number of columnsin the repeating group of
records.

. If an ASCII or binary file contains gridded data in which the order of axesis not X-Y -
Z-T read the datain (which results in the wrong axis ordering) and use the
LIST/ORDER= to permute the order on output. The resulting file will have the
desired axis ordering.

. If the times and geographical coordinate locations of the grid are inter-mixed with
the dependent variables in the file then 1) issue a FILE command to read the
coordinates only; 2) use DEFINE AXIS/IFROM_DATA to define axes and DEFINE



GRID to define the grid; 3) use FILE/GRID=mygrid to read the file again.

Ch2 Sec7. ACCESSTO REMOTE DATA SETSWITH DODS

Ch2 Sec7.1. What isDODS?

DODS is now called OPenDAP; we continue to refer to it as DODS in this manual for now.

DODS, the Distributed Oceanographic Data System, allows users to access data anywhere
from the Internet using a variety of client/server methods, including Ferret. Employing
technology similar to that used by the World Wide Web, DODS and Ferret create a
powerful tool for the retrieval, sampling, analyzing and displaying of datasets; regardless of
Size or dataformat (though there are data format limitations).

For more information on DODS, please see the DODS home page at

http://unidata.ucar.edu/packages/dods/

Similar to the WWW, DODS is an emerging technology and is under development. Asa
result, it islikely that the details with which things are accomplished will be changing.

Ch2 Sec7.2. Accessing Remote Data Sets

Datasets are accessed through Ferret using their raw Universal Resource Locator (URL)
address. For example, to access the COADS climatology, hosted at PMEL :

yes? use "http://ww. ferret.noaa. gov/cgi-bi n/ nph-
nc/ dat a/ coads_cl i mat ol ogy. nc"

Once the dataset has been initialized, it is used just like any other local dataset.

yes? list/x=140wW y=2n/t="16- Feb" sst
SEA SURFACE TEMPERATURE (Deg O
LONG TUDE: 141W
LATI TUDE: 1N
TI ME: 15-FEB 16: 29


http://unidata.ucar.edu/packages/dods/

DATA SET: http://ww. ferret.noaa. gov/ cgi-bi n/ nph-
nc/ dat a/ coads_cl i mat ol ogy. nc
26. 39

To locate DODS data, you can search the NVODS /DODS List of DODS datasets at

http://www.unidata.ucar.edu/cgi-bin/dods/datasets/datasets.cgi 2xmlfilename=datasets.xml
or the Global Change Master Directory at http://gcmd.gsfc.nasa.gov/

For the time being, NetCDF and HDF files can be read via DODS by Ferret. AsDODS
(OPeNDAP) NetCDF libraries become available, other data types will be made available.

Ch2 Sec7.3. Debugging Accessto Remote DODS Data Sets

To find out more information about a particular dataset, or to debug problems, there are
three elements of the dataset which may be accessed via aweb browser. To accessthis
information, merely append a dds, das, or info to the dataset name. For example:

http://ww. ferret. noaa. gov/ cgi - bi n/ nph-nc/ dat a/ coads_cl i mat ol ogy. nc. dds

DDS stands for Data Description Structure and this will return a text description of the data
sets structure.

http://ww. ferret. noaa. gov/ cgi - bi n/ nph-nc/ dat a/ coads_cl i mat ol ogy. nc. das

DAS stands for Dataset Attribute Structure and this will return atext description of
attributes assigned to the variables in the data set.

http://ww. ferret. noaa. gov/ cgi - bi n/ nph-
nc/ dat a/ coads_cl i mat ol ogy. nc.info

Thiswill return atext description of the variables in the dataset.

Ch2 Sec7.4. Security


http://www.unidata.ucar.edu/cgi-bin/dods/datasets/datasets.cgi?xmlfilename=datasets.xml
http://gcmd.gsfc.nasa.gov/

Some DODS data providers will choose to control accessto some or al of their data. When

you request data from one of these servers, the DODS client will prompt you for a username
and password. If you want to avoid the prompt, you can embed a username and password in
it, likethis:

http://user: passwor d@ww. dods. or g/ nph-dods/ etc. ..

Ch2 Sec7.5. Sharing Data Setsvia DODS

One of the most powerful aspect of DODS is the ease with which it allows for the sharing of
data. With just afew simple steps, anyone running aweb server can a'so beaDODS data
server, thereby alowing data set access to anyone with an Internet connection.

Simply copying afew precompiled binaries into the cgi-bin directory of an already
configure httpd server is all it takes to become a DODS server. Once the server is
configured, adding or removing data setsis as simple as copying them to the server data
directory or deleting them from that directory.

This ability has such immense potential that it bears extra emphasis. Imagine that within
seconds of finishing amodel run, aremote colleague is able to look at your dataset with
whatever DODS client he/she desires, be it Ferret, or Matlab, etc. No need for you to
package up the data or for your colleague to download and/or reformat it, it is ready to be
analyzed right away.

Ch2 Sec7.6. DODS caching

This feature allows caching of frequently accessed DODS served datasets to produce a
quicker response when requesting remote data. The first time you access a DODS data set,
afilein the users home directory will be created called .dodsrc. Thisfileisthe DODS
client initialization file. Please seethe DODS Users Guide;
http://www.unidata.ucar.edu/packages/dods/user/guide-html/guide 72.html for details of

the paramaters that this file contains.

Initially, DODS caching will be turned off. In order to turn caching on, change thelinein
the newly created ~/.dodsrc file from


http://www.unidata.ucar.edu/packages/dods/user/guide-html/guide_72.html

USE_CACHE=0
to
USE_CACHE=1

The next time Ferret isrun, and a DODS-served dataset is accessed, afile called
.dods_cache will be created, typically in the users home directory. The location of the
DODS cache directory can be controlled by the line

CACHE_ROOT=/home/twaits/.dods_cache/

in the user's .dodsrc file. Thisdirectory iswhere all the cached information is stored. To
clear the DODS cache, simply delete the .dods_cache directory and all of it's contents (for
example, rm -rf ~/.dods_cache). This directory will be recreated and repopulated with
caching information the next time data is accessed via DODS, if caching is turned on. All of
the paramater valuesin the .dodsrc file can be modified to better suit individual needs, and
will be incorporated the next time Ferret is run and DODS served datais accessed. Again,
see the DODS User guide at see the section "The OPeNDARP Client Initialization File
(.dodsrc)" inthe DODS Users Guide
(http://www.unidata.ucar.edu/packages/dods/user/quide-html) for more detailed

information

It is often a useful diagnostic exercise to turn caching off and/or clear out the cache
directory when attempts to access datasets in Ferret appear inconsistent. For example, if
Ferret attempted to access a DODS-served dataset that was unavailable because the DODS
server was down, that information may get cached and adversely effect the next attempt at
retrieving the data.

For more detailed information on using DODS, and on setting up a DODS server, see the
DODS home page (http://unidata.ucar.edu/packages/dods).

Ch2 Sec7.7. Proxy servers

A DODS client can negotiate proxy servers, with help from directionsin its configuration
file. The parameters that control proxy behavior are fully documented in the DODS Users
Guide, see the link above.
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Chapter 3: VARIABLES AND EXPRESSIONS

Ch3 Secl. VARIABLES
Variables are of 2 kinds:

1) filevariables (read from disk files)

2) user-defined variables (defined by the user with LET command)

Both types may be accessed identically in all commands and expressions.

Variables, regardless of kind, possess the following associated information:

1) grid—the underlying coordinate structure

2) units

3) title

4) title modifier (additional explanation of variable)
5) flag value for missing data points

Use the commands SHOW DATA and SHOW VARIABLES to examine file variables and user-
defined variables, respectively.

The pseudo-variables|, J, K, L, X, Y, Z, T and others may be used to refer to the underlying grid
locations and characteristics and to create abstract variables.

For a description of string variables and arrays, see the chapter on "Handling String Data", p. 209.

Ch3 Secl.1. Variable syntax

Variablesin Ferret are referred to by names with optional qualifying information appended in
square brackets. See DEFINE VARIABLE (p. 322) for adiscussion of legal variable names.

The information that may be included in the square brackets includes

D=dat a_set nane_or _numnber I indicate the data set
G=grid_or _variabl e_nane I request a regridding
X=, Y=, 2= T=1=J= K= L= I specify region and transfornation



e.g. LIST V[x=1:50:5,1=1: 30@ve]

See the chapter "Grids and Regions', section "Regions" (p. 146) for more discussion of the
syntax of region qualifiers and transformations.

Some examples of valid variable syntax are

Myvar

myvar [ D=2]
nmyvar [ D=a_dset ]
nyvar [ D=nyfile.txt]
myvar [ G=gri dnane]
nyvar [ G=var 2]

data set and region as per current context
myvar from data set nunber 2 (see SHOW DATA)
nmyvar fromdata set a_dset.cdf or a_dset.des
myvar fromfile nyfile.txt

myvar regridded to grid gridnane

nmyvar regridded to the grid of var2

I which is in the sane data set as mnyvar

nmyvar [ Gevar 2[ D=2] ] ! nyvar regridded to the grid of var2
I which is in data set nunber 2

myvar [ GX=axi snarne] ! myvar regridded to a dynamic grid which
I has X axis axishane

myvar [ GX=var 2] ! myvar regridded to a dynanic grid which
I has the X axis of variable var2

nyvar [ | =1: 31: 5] I myvar subsanpled at every 5th point
I (regridded to a subsanpl ed axi s)

nyvar [ X=20E: 50E: 5] I nmyvar subsanpled at every 5 degrees

! (regridded to a 5-deg axis by linear
I interpolation)

Ch3 Secl.2. Filevariables

File variables are stored in disk files. Input data files can be ASCII, binary, NetCDF, or TMAP-
formatted (see the chapter "Data Set Basics', p. 33). File variables are made available with the

SET DATA (alias USE) command.

In some netCDF files the variable names are not consistent with Ferret's rules for variable naming.
They may be case-sensitive (for example, variables"v" and "V" defined in the samefile), may be
restricted names such as the Ferret pseudo-variable names|, J, K, L, X, Y, Z, T, XBOX, YBOX,
ZBOX, or TBOX, or they may include "illegal” characters such as"+", "-", "%", blanks, etc. To
access such variable namesin Ferret, smply enclose the name in single quotes. For example,

yes? PLOT 'x'

yes? CONTOUR ' SST from MP/ RF neasurenents'

By the same token when using Ferret to output into netCDF files that Ferret did not itself create,



the results may not be entirely as expected. Case-sensitivity of namesis one aspect of this. Since
Ferret is (by default) case insensitive and netCDF files are case-sensitive writing into a “foreign"
file may result in duplicated entities in the file which differ only in case.

Ch3 Secl.3. Pseudo-variables

Pseudo-variables are variables whose values are coordinates or coordinate information from a grid.
Valid pseudo-variables are

A grid box is a concept needed for some transformations along an axis; it is the length along an
axis that belongs to a single grid point and functions as a weighting factor during integrations and
averaging transformations.

The pseudo-variables|, J, K, and L are subscripts; that is, they are a coordinate system for
referring to grid locations in which the points along an axis are regarded as integers from 1 to the
number of points on the axis. Thisisclear if you look at one of the sample data sets:

yes? USE | evitus_climatol ogy
yes? SHOW DATA
1> /hone/ el/tmap/fer_dsets/descr/levitus_climtol ogy.des (default)
Levi tus annual climtol ogy (1x1 degree)
di agnostic variables: NOT avail abl e

name title | J K L
TEMP TEMPERATURE 1: 360 1:180 1: 20

) on grid GLEVITRL X=20E: 20E(380) Y=90S: 90N Z=0m 5000m
SALT SALI NI TY 1: 360 1:180 1:20

on grid GLEVITRL X=20E: 20E(380) Y=90S: 90N Z=0m 5000m

We see that there are 20 points aong the z-axis (1:20 under K), for example, and that the z-axis
coordinate values range from 0 meters to 5000 meters. Pseudo-variables depend only on the
underlying grid, and not on the variables (in this case, temperature and salt).

Examples. Pseudo-variables

1)yes? LIST/1=1:10 |
2)yes? LET xflux = u * xbox[ G=u]

Ch3 Secl.3.1. Gridsand axesof pseudo-variables



The name of a pseudo-variable (p. 60), alone, (1", "T", "ZBOX", etc.) is not sufficient to
determine the underlying axis of the pseudo-variable. The underlying axis may be specified

explicitly, may be inherited from other variables used in the same expression, may be generated
dynamically, or may be inherited from the current default grid. The following examplesillustrate
the possibilities:

TEMP + Y | pseudo-variable Y inherits the y axis of variable TEMP

Y[ G=TEMP] I explicit: Yrefers to the y axis of variable TEWMP

Y[ Gvy=axis_nane] ! explicit: Y refers to axis axis_nane

Y[ Y=0: 90: 2] I y axis is dynam cally generated (See "dynam c axes">,
I p. 132)
In the expression

LET A= X +Y

in which the definition provides no explicit coaching, nor are there other variables from which Y
can inherit an axis, the axis of Y will be inherited from the current default grid. The current default
grid is specified by the SET GRID command and may be queried at any time with the SHOW
GRID command. SHOW GRID will respond with "Default grid for DEFINE VARIABLE is
grid".

Note that when pseudo-variables are buried within a user variable definition they do not inherit
from variables used in conjunction with the user variable. For example, contrast these expressions
involving pseudo-variable Y

USE coads_climatol ogy ! has variable SST

LET A=Y I 'Y buried inside variable A (axis indeterm nate)
LI ST SST + A Il 'y axis inherited fromcurrent default grid

LI ST SST + Y I y axis inherited fromgrid of SST

LI ST SST + Al G=SST] I y axis inherited fromgrid of SST

Ch3 Secl.4. User-defined variables



New variables can be defined from existing variables and from abstract mathematical quantities
(such as COS(latitude)) with command DEFINE VARIABLE (alias LET). The section later in this
chapter, Defining New Variable (p. 125) expands on this capability.

See command DEFINE VARIABLE (p. 322) and command LET (p. 337) in the Commands
Reference. Example 3 shows the use of masking, a useful concept in constructing variables.

Examples: User-defined variables

1) yes? LET/TITLE="Surface Relief x1000 (rmeters)" r1000=rose/ 1000
2) yes? LET/TITLE="Tenperature Deviation" tdev=tenp - tenp[Z=@ve]

3) yes? LET a = IF (sst GI 20. AND sst LT 30.) THEN sst ELSE 20.

Ch3 Secl.5. Abstract variables

Ferret can be used to manipulate abstract mathematical quantities such as SIN(x) or
EXP(k*t)}—quantities that are independent of file variable values. Such quantities are referred to
as abstract expressions.

Example: Abstract variables

Contour the function

COS(a*Y)/ EXP(b*T) where a=0.25 and b=-0.02

over the range

Y=0:45 (degrees) and T=1:100 (hours)

with aresolution of

0.5degreeonthe Y axisand 2 hourson the T axis.



Quick and dirty solution:

yes? CONTOUR COS( 0. 25* Y[ Y=0: 45: 0. 5] )/ EXP(-0. 2*T[ T=1: 100: 2] )

Nicer (Figure 3_1); plot is documented with correct units and titles):

EUE

o |

yes? DEFI NE AXI S/ Y=0: 45: 0. 5/ UNI T=DEGREES yax
yes? DEFINE AXI' S/ T=1:100: 2/ UNI T=HOURS t ax
yes? DEFINE GRI D/ T=tax/ Y=yax ny_grid

yes? SET GRID ny_grid

yes? LET a=0.25

yes? LET b=-0.02

yes? CONTOUR COS(a*Y)/ EXP(b*T)

See the chapter "Grids and Regions”, section "Grids" (p. 129), for more information on grids.

Ch3 Secl.6. Missing valueflags

Data values that are absent or undefined for mathematical reasons (e.g., 1/0) will be represented in
Ferret with amissing value flag. In SHADE outputs a missing value flag embedded at some point
in avariable will result in atransparent rectangular hole equal to the size of the grid cell of the
missing value. INnaCONTOUR or FILL plot it will result in alarger hole—extending past the grid
box edge to the coordinate location of the next adjacent non-missing point—since contour lines
cannot be interpolated between a missing value and its neighboring points. In the output of the
LIST command for cases where the /[FORMAT qualifier is not used the missing value will be
represented by 4 dots ("...."). For cases where LIST/FORMAT=FORTRAN-format is used the
numerical value of the missing value flag will be printed using the format provided.
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Ch3 Secl.6.1. Missingvaluesin input files

Ferret does not impose a standard for missing value flags in input data sets; each variable in each
data set may have its own distinct missing value flag(s). The flag(s) actually in use by a data set
may be viewed with the SHOW DATA/VARIABLES command. If no missing valueflagis
specified for a data set Ferret will assume a default value of —1.E+34.

For EZ input data sets, either binary or ASCII, the missing data flag may be specified with the SET
VARIABLE/BAD= command. A different value may be specified for each variable in the data
Set.

For NetCDF input data sets the missing value flag(s) isindicated by the values of the attributes
"missing_vaue' and"_FillVaue." If both attributes are defined to have different values both will
be recognized and used by Ferret as missing value indicators, however the occurrences of
_FillvVaue will be replaced with the value of missing_value as the data are read into Ferret's
memory cache so that only a single missing value flag is apparent inside of Ferret. The command
SET VARIABLE/BAD= can aso be applied to NetCDF variables, thereby temporarily setting a
user-imposed value for _FillValue. If there are values of NaN in the file, then NaN must be listed
in either the as either the "missing_value" OR "_FillValue" attribute and then NaN is the missing
value. Or, the user may specify SET VARIABLE/BAD=NAN (case insensitive) to designate the
Fortran value NaN (not a number) as the bad value flag for a given variable in a netCDF dataset.

Ch3 Secl.6.2. Missing valuesin user-defined variables

User-defined variables may in general be defined as expressions involving multiple variables. The
component variables need not in general agree in their choice of missing value flags. The result
variable will inherit the bad value flag of the first variable in the expression. If the first component
in the expression is a constant or a pseudo-variable, then Ferret imposes its default missing value
flag of —1.E+34.

The function MISSING(variable,replacement) provides a limited control over the choice of
missing values in user-defined variables. Note, however, that while the MISSING function will
replace the missing values with other valuesit will not change the missing value flag. In other
words, the replacement values will no longer be regarded as missing.

Ch3 Secl.6.3. Missingvaluesin output NetCDF files



Values flagged as missing inside Ferret will be faithfully transferred to output files—no
substitution will occur as the data are written. In the case of NetCDF output files both of the
attributes missing_value, and _FillValue will be set equal to the missing value flag.

Under some circumstances it is desirable to save a user-defined variable in a NetCDF file and then
to redefine that variable and to append further output. (An example of thisisthe process of
consolidating severa files of input, say, moored measurements, into a gridded output.) The process
of appending will not change any of the NetCDF attributes—neither long_name (title), units, nor
missing_value or _FillValue. If the subsequent variable definitions do not agree in their choice of
missing value flags the resulting output may contain multiple missing value flags that will not be
properly documented.

An easy "trick" that avoids this situation isto begin all of the variable definitions with an addition
of zero, "LET var =0 + ...." The addition of zero will not affect the value of the output but it will
guarantee that a missing value flag of —1.E+34 will be consistently used. Of course, you will want
to usethe SET VARIABLE/TITLE= command in conjunction with this approach.

Ch3 Secl.6.4. Displaying the missing value flag

If the LIST command is used, missing values are, by default, displayed as”...." To examine the
flag as a numerical value, use LIST/FORMAT=(E) (or some other suitable format).

Ch3 Secl.7. Returning properties of variables

The keyword RETURN= can reveal the size and shape, title, bad flag, units, and other properties
of avariable or expression. See p. 120 for adescription of this useful construct.

Ch3 Sec2. EXPRESSIONS

Throughout this manual, Ferret commands that require and manipulate data are informally called
"action" commands. These commands are:

PLOT

CONTOUR

FILL (aliasfor CONTOUR/FILL)
SHADE



VECTOR
POLY GON
WIRE
LIST
STAT
LOAD

Action commands may use any valid algebraic expression involving constants, operators
(+,—*,...), functions (SIN, MIN, INT,...), pseudo-variables (X, TBOX, ...) and other variables.

A variable name may optionally be followed by square brackets containing region, transformation,
data set, and regridding qualifiers. For example, "temp", "salt[D=2]", "u[G=temp"],
"u[Z=0:200@AVE]", "v[k=1:50:5]
The expressions may also contain a syntax of:

IF condition THEN expression 1 ELSE expression 2

Examples. Expressions

ytemp ~ 2
temperature squared

iiytenp - tenp[ Z=@AVE]
for the range of Z in the current context, the temperature deviations from the vertical average

iii) COS(Y)
the cosine of the Y coordinate of the underlying grid (by default, the y-axisisimplied by the other
variables in the expression)

iv)IF (vwnd GI' vwnd[ D=nont hl y_navy_w nds]) THEN vwnd ELSE O
use the meridional velocity from the current data set wherever it exceeds the value in data set
monthly _navy winds, zero elsewhere.

Ch3 Sec2.1. Operators

Valid operators are

+

*



/

A (exponentiate)
AND

OR

GT

GE

LT

LE

EQ

NE

For instance the exponentiate operator can compute the square root of avariable as var*0.5

Ch3 Sec2.2. Multi-dimensional expressions

Operators and functions (discussed in the next section, Functions) may combine variables of like
dimensions or differing dimensions.

If the variables are of like dimension then the result of the combination is of the same
dimensionality as inputs. For example, suppose there are two time series that have data on the
same time axis; the result of a combination will be atime series on the same time axis.

If the variables are of unlike dimensionality, then the following rules apply:
1) To combine variables together in an expression they must be "conformable" along each axis.

2) Two variables are conformable along an axis if the number of points aong the axisisthe
same, or if one of the variables has only a single point along the axis (or, equivaently, isnormal to
the axis).

3) When avariable of size 1 (asingle point) is combined with avariable of larger size, the
variable of size 1 is"promoted" by replicating its value to the size of the other variable.

4) If variables are the same size but have different coordinates, they are conformable, but Ferret
will issue a message that the coordinates on the axis are ambiguous. The result of the combination
inherits the coordinates of the FIRST variable encountered that has more than a single point on the
axis.

Examples:



Assume aregion J=50/K=1/L=1 for examples 1 and 2. Further assume that variables vl and v2
share the same x-axis.

1) yes? LET new = v1[I=1:10] + v2[I=1:10] I'same di nmension
(10)
2) yes? LET new = v1[1=1:10] + v2[I=5] Inew has | ength

of vl (10)

3) Wewant to compare the salt values during the first half of the year with the values for the
second half. Salt_diff will be placed on the time coordinates of the first variable—L=1.6. Ferret
will issue a warning about ambiguous coordinates.

yes? LET salt _diff = salt[L=1:6] - salt[L=7:12]
4) Inthisexample the variable zero will be promoted along each axis.

yes? LET zero = 0 * (i+4])
yes? LIST/1=1:5/J=1:5 zero I5X5 matrix of 0's

5) Herewe calculate density; salt and temp are on the same grid. This expressionisan XY Z
volume of points (100x100x10) of density at 10 depths based on temperature and salinity values at
the top layer (K=1).

yes? SET REG ON/ | =1:100/J=1: 100
yes? LET dens = rho_un (salt[K=1], tenp[K=1], Z[ G=tenp, K=1: 10]

Ch3 Sec2.3. Functions

Functions are utilized with standard mathematical notation in Ferret. The arguments to functions
are constants, constant arrays, pseudo-variables, and variables, possibly with associated qualifiers
in square brackets, and expressions. Thus, all of these are valid function references:

. EXP(-1)

. MAX( a, b)

. TAN(a/ b)

« SIN(Y[g=ny_sst])

. DAYS1900(1989,{3,6,9},1)

A few functions also take strings as arguments. String arguments must be enclosed in double



guotes. For example, afunction to write variable "u" into afile named "my_output.v5d", formatted
for the Vis5D program might be implemented as

. LOAD WRI TE_VI S5D( " ny_out put . vbd", a)

Y ou can list function names and argument lists with:
yes? SHOW FUNCTI ONS ! List all functions

Yes? SHOW FUNCTI ONS * TAN I' List all functions containing string

Valid functions are described in the sections below. They are:

MAX ATAN XSEQUENCE SAMPLEXY

MIN ATANZ2 Y SEQUENCE SCAT2GRIDGAUSS_XY
INT MOD ZSEQUENCE SCAT2GRIDGAUSS_XZ
ABS DAY S1900 TSEQUENCE SCAT2GRIDGAUSS YZ
EXP MISSING FFTA SCAT2GRIDLAPLACE_XY
LN IGNOREO FFTP SCAT2GRIDLAPLACE_XZ
LOG RANDU SAMPLEI SCAT2GRIDLAPLACE_YZ
SIN RANDN SAMPLEJ SORTI

COS RHO_UN SAMPLEK SORTJ

TAN THETA_FO SAMPLEL SORTK

ASIN RESHAPE SAMPLEIJ SORTL

ACOS ZAXREPLACE SAMPLET_DATE TAUTO_COR

Grid-changing functions



It is generally advisable to include explicit limits when working with functions that replace axes.
For example, consider the function SORTL(v). The expression

LI ST/ L=6: 10 SORTL(V)

IS not equivalent to

LI ST SORTL(v[L=6:10])

The former will list the 6th through 10th sorted indices from the entire | range of variablev. The
latter will list all of the indices that result from sorting v[|1=6:10].

These functionsin Ferret, including XSEQUENCE, SAMPLXY , and so on, are "grid-changing"
functions. This means that the axes of the result may differ from the axes of the arguments. In the
case of XSEQUENCE(sst), for example, the input grid for SST is

lon

lat
normal
time

whereas the output grid is

abstract
normal
normal
normal

so all axes of the input are replaced.

Grid-changing functions create a potential ambiguity about region specifications. Suppose that the
result of XSEQUENCE(sst[L=1]) isalist of 50 points along the ABSTRACT X axis. Thenitis
natural that

LI ST/ 1 =10: 20 XSEQUENCE(sst[L=1])

should give elements 10 through 20 taken from that list of 50 points (and it does.) However, one
might think that "1=10:20" referred to a subset of the longitude axis of SST. Therein liesthe
ambiguity: one region was specified, but there are 2 axes to which the region might apply.

It gets a degree more complicated if the grid-changing function takes more than one argument.
Since the input arguments need not be on identical grids, aresult axis (X,Y,Z, or T) may be
replaced with respect to one argument, but actually taken from another (consider ZAXREPLACE,



for example.) Ferret resolves the ambiguities thusly:

If in the result of a grid-changing function, an axis (X, Y, Z, or T) has been replaced relative to
some argument, then region information which applies to the result of the function on that axis will
NOT be passed to that argument.

So, when you issue commands like

SET REG OV X=20E: 30E/ Y=0N: 20N/ L=1
LI ST XSEQUENCE( sst)

the X axisregion ("20E:30E") appliesto the result ABSTRACT axis -- it isnot passed along to the
argument, SST. The Y axisregion is, in fact, ignored atogether, since it is not relevant to the result
of XSEQUENCE, and is not passed along to the argument.

Ch3 Sec2.3.1. MAX

MAX(A, B) Compares two fields and selects the point by point maximum.
MAX( tenmp[ K=1], tenp[K=2] ) returnsthe maximum temperature comparing thefirst
2 z-axislevels.

Ch3 Sec2.3.2. MIN

MIN(A, B) Compares two fields and selects the point by point minimum.
MN( airt[L=10], airt[L=9] ) givestheminimum air temperature comparing two
timesteps.

Ch3 Sec2.3.3. INT

INT (X) Truncates values to integers.
| NT( salt ) returnstheinteger portion of variable "salt" for all valuesin the current region.

Ch3 Sec2.3.4. ABS



ABS(X) absolute value.
ABS( U ) takesthe absolute value of U for all points within the current region

Ch3 Sec2.3.5. EXP

EXP(X) exponential ex; argument isreal.
EXP( X ) rasesetothepower X for al points within the current region

Ch3 Sec2.3.6. LN

LN(X) Natural logarithm log.X; argument is real.
LN( X ) takesthe natura logarithm of X for all points within the current region

Ch3 Sec2.3.7. LOG

LOG(X) Common logarithm log,,X; argumentisreal.
LOE X ) takesthe common logarithm of X for al points within the current region

Ch3 Sec2.3.8. SIN

SIN(THETA) Trigonometric sine; argument isin radians and is treated modulo 2* pi.
SIN( X ) computesthesineof X for all points within the current region.

Ch3 Sec2.3.9. COS

COS(THETA ) Trigonometric cosine; argument isin radians and is treated modulo 2* pi.
COS( Y ) computesthe cosine of Y for al points within the current region

Ch3 Sec2.3.10. TAN



TAN(THETA) Trigonometric tangent; argument isin radians and is treated modulo 2* pi.
TAN( theta ) computesthetangent of thetafor al points within the current region

Ch3 Sec2.3.11. ASIN

ASIN(X) Trigonometric arcsine (-pi/2,pi/2) of X in radians.The result will be flagged as missing
if the absolute value of the argument is greater than 1; result isin radians.
ASI N( val ue ) computesthearcsine of "value" for al points within the current region

Ch3 Sec2.3.12. ACOS

COS(X) Trigonometric arccosine (O,pi), in radians. The result will be flagged as missing of the
absolute value of the argument greater than 1; result isin radians.
ACOS ( val ue ) computesthe arccosine of "value" for al points within the current region

Ch3 Sec2.3.13. ATAN

ATAN(X) Trigonometric arctangent (-pi/2,pi/2); result isin radians.
ATAN( val ue ) computesthe arctangent of "value" for all points within the current region

Ch3 Sec2.3.14. ATAN2

ATANZ2(X,Y) 2-argument trigonometric arctangent of X/Y (-pi,pi); discontinuous at Y =O0.
ATAN2( X, Y ) computesthe 2-argument arctangent of X/Y for all points within the current
region

Ch3 Sec2.3.15. MOD

MOD(A,B) Modulo operation ( argl — arg2*[argl/arg2] ). Returns the remainder when the first
argument is divided by the second.
MOD( X, 2 ) computesthe remainder of X/2 for all points within the current region



Ch3 Sec2.3.16. DAY S1900

DAY S1900(year ,month,day) computes the number of days since 1 Jan 1900. Thisfunctionis
useful in converting dates to Julian days on the standard Gregorian calendar. |If the year isprior to
1900 a negative number is returned. This means that it is possible to compute Julian days relative
to, say, 1800 with the expression

LET j dayl1800 = DAYS1900 ( year, nonth, day) - DAYS1900( 1800, 1, 1)

Ch3 Sec2.3.17. MISSING

MISSING(A,B) Replaces missing values in the first argument (multi-dimensional variable) with
the second argument; the second argument may be any conformable variable.

M SSI N tenp, -999 ) replaces missing valuesintemp with —999

M SSI N sst, tenp[D=coads_cli matol ogy] ) replacesmissing sstvalueswith
temperature from the COADS climatol ogy

Ch3 Sec2.3.18. IGNOREO

IGNOREO(VAR) Replaces zeros in a variable with the missing value flag for that variable.
| GNOREO( salt ) replaceszerosin salt with the missing value flag

Ch3 Sec2.3.19. RANDU

RANDU(A) Generatesagrid of uniformly distributed [0,1] pseudo-random values. Thefirst valid
valueinthefield is used as the random number seed. Values that are flagged as bad remain flagged
as bad in the random number field.

RANDU( tenp[l=105:135, K=1:5] ) generatesafield of uniformly distributed random
values of the same size and shape as the field "temp[1=105:135,K=1:5]" using temp[1=105,k=1] as
the pseudo-random number seed.

Ch3 Sec2.3.20. RANDN



RANDN(A) Generates agrid of normally distributed pseudo-random values. As above, but
normally distributed rather than uniformly distributed.

Ch3 Sec2.3.21. RHO UN

RHO_UN(SALT, TEMP, P) Calculates the mass density rho (kg/m"3) of seawater from
salinity SALT(salt, psu), temperature TEMP(deg C) and pressure P(dbar) using the 1980
UNESCO International Equation of State (IES80). Either in-situ or potential density may be
computed depending upon whether the user suppliesin-situ or potential temperature.

Note that to maintain accuracy, temperature must be converted to the IPTS-68 standard before
applying these algorithms. For typical seawater values, the IPTS-68 and I TS-90 temperature scales
arerelated by T_68 =1.00024 T_90 (P. M. Saunders, 1990, WOCE Newsletter 10). The routine
uses the high pressure equation of state from Millero et al. (1980) and the one-atmosphere equation
of state from Millero and Poisson (1981) as reported in Gill (1982). The notation follows Millero
et a. (1980) and Millero and Poisson (1981).

RHO UN( salt, temp, Z)

Ch3 Sec2.3.22. THETA_FO

THETA_FO(SALT, TEMP, Z, REF) Calculatesthe potential temperature of a seawater parcel
at agiven salinity SALT( psu), temperature TEMP(deg. C) and pressure P(dbar), moved
adiabatically to areference pressure REF(dbar).

This calculation uses Bryden (1973) polynomial for adiabatic |apse rate and Runge-K utta 4th order
integration algorithm. References: Bryden, H., 1973, Deep-Sea Res., 20, 401-408; Fofonoff, N.M,
1977, Deep-Sea Res., 24, 489-491.

THETA FQ( salt, tenmp, Z, Z reference )

Ch3 Sec2.3.23. RESHAPE

RESHAPE(A, B) Theresult of the RESHAPE function will be argument A "wrapped" on the grid
of argument B. The limits given on argument 2 are used to specify subregions within the grid into
which values should be reshaped.



RESHAPE( Tser i es, Mont hYear)

Two common uses of this function are to view multi-year time series data as a 2-dimensional field
of 12-monthsvs. year and to map ABSTRACT axes onto real world coordinates. An example of
the former is

DEFI NE AXI S/t =15- JAN- 1982: 15- DEC- 1985/ NPOl NTS=48/ UNI TS=DAYS t ca
LET nmy_tinme_series = SIN(T[gt=tcal]/100)

I reshape 48 nonths into a 12 nonths by 4 year matrix

DEFI NE AXI S/t=1982:1986:1 tyear

DEFI NE AXI S/ Z=1:12: 1 znonth

LET out _grid = Z[ GZ=znont h] +T[ GT=t year ]

LET nmy_reshaped = RESHAPE(ny tine_series, out_grid)
SHOW GRI D ny_r eshaped

GRI D (Q001)
nane axi s # pts start end
nor mal X
nor mal Y
ZMONTH Z 12 r 1 12
TYEAR T 5r 1982 1986

For any axis X,Y,Z, or T if the axis differs between the input output grids, then limits placed upon
the region of the axisin argument two (the output grid) can be used to restrict the geometry into
which the RESHAPE is performed. Continuing with the preceding example:

I' Now restrict the output region to obtain a 6 month by 8 year matrix

LI ST RESHAPE(ny tine_series,out _grid[k=1:6])
RESHAPE( MY_TI ME_SERI ES, OUT_GRI D] K=1: 6])

1 2 3 4 5 6

1 2 3 4 5 6
1982 / 1: 0.5144 0.7477 0.9123 0.9931 0.9827 0.8820
1983 / 2: 0.7003 0.4542 0.1665 -0.1366 -0.4271 -0.6783
1984 / 3: -0.8673 -0.9766 -0.9962 -0.9243 -0.7674 -0.5401
1985 / 4: -0.2632 0.0380 0.3356 0.6024 0.8138 0.9505
1986 / 5@ 0.9999 0.9575 0.8270 0.6207 0.3573 0.0610

For any axis X,Y,Z, or T if the axisis the same in the input and output grids then the region from
argument 1 will be preserved in the output. Thisimplies that when the above technique is used on
multi-dimensional input, only the axes which differ between the input and output grids are affected
by the RESHAPE operation. However RESHAPE can only be applied if the reshape operation
preserves the ordering of data on the axes in four dimensions. The RESHAPE function only
"wraps' the variable to the new grid, keeping the data ordered asit exists in memory, that is,
ordered by X (varying fastest) then -Y-Z-T (lowest index). It is an operation like @ASN



regridding. Subsetting is done if requested by region specifiers, but the function does not reorder
the dataasit is put on the new axes. For instance, if your dataisin Z and T:

SHOW GRI D (001

GRI D (@Q001)
namne axi s # pts start end
nor mal X
nor mal Y
ZNMONTH z 12 r 1 12
T ABSTR T 5r 1 5

and you wish to put it on anew grid, GRIDY Z

SHOW GRI D gri dyz
GRI D (GRI DYZ)

nane axi s # pts start end
nor mal X

YAX LATI TUDE 5r 15N 19N

ZNMONTH z 12 r 1 12

nor mal T

then the RESHA PE function would NOT correctly wrap the datafrom G001 to GRIDY Z, because
the datais ordered with its Z coordinates changing faster than its T coordinates, and on output the
data would need to be reordered with the Y coordinates changing faster then the Z coordinates.

The following filled contour plot of longitude by year number illustrates the use of RESHAPE in
multiple dimensions by expanding on the previous example: (Figure 3_2)

I The year-by-year progression January winds for a |ongitudinal patch
I averaged from5s to 5n across the eastern Pacific Ccean. Note that
I k=1 specifies January, since the Z axis is nonth

USE coads

LET out _grid = Z[ GZ=znont h] +T[ GT=t year ]| +X[ GX=uwnd] +Y[ GY=uwnd]
LET uwnd_mt h_ty = RESHAPE(uwnd, out_gri d)

FILL uwnd_mt h_t y[ X=130W 80W Y=5S: 5N@AVE, K=1]
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In the second usage mentioned, to map ABSTRACT axes onto real world coordinates, suppose
Xpts and ypts contain time series of length NT points representing longitude and latitude points
along an oceanographic ship track and the variable global_sst contains global sea surface
temperature data. Then the result of

LET sampled sst = SAMPLEXY (global_sst, xpts, ypts)

will be a1l-dimensional grid: NT points along the XABSTRACT axis. The RESHAPE function
can be used to remap this datato the original time axis using RESHAPE(sampled_sst, xpts)

LET sanpl ed_sst = SAMPLEXY(gl obal _sst,\
xpts[t=1-jan-1980: 15-j an-1980] , \
ypts[t=1-j an-1980: 15-j an-1980])

LI ST RESHAPE(sanpl ed_sst, xpts[t=1-jan-1980: 15-j an-1980])

When the input and output grids share any of the same axes, then the specified sub-region along
those axes will be preserved in the RESHAPE operation. In the example
"RESHAPE(myTseriesmyMonthY earGrid)" this means that if myTseries and myMonthY earGrid
were each multidimensional variables with the same latitude and longitude grids then
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RESHAPE( ny Tser i es[ X=130E: 80W Y=5S: 5N] , nyMont hYear Gri d)

would map onto the X=130E:80W,Y =5S:5N sub-region of the grid of myMonthY earGrid. When
the input and output axes differ the sub-region of the output that is utilized may be controlled by
inserting explicit limit qualifiers on the second argument

Ch3 Sec2.3.24. ZAXREPLACE

ZAXREPLACE(V,ZVALS,ZAX) Convert between alternative monotonic Zaxes, where the
mapping between the source and destination Z axesisafunction of X,Y, and or T. The function
regrids between the Z axes using linear interpolation between values of V. See dso the related
functions ZAXREPLACE_BIN (p. 450) and ZAXREPLACE_AVG (p. 450) which use binning

and averaging to interpolate the values.

Typical applicationsin the field of oceanography include converting from a Z axis of layer number
to aZ axisin units of depth (e.g., for sigma coordinate fields) and converting from a Z axes of
depth to one of density (for a stably stratified fluid).

Argument 1, V, isthefield of data values, say temperature on the "source" Z-axis, say, layer
number. The second argument, ZVALS, contains values in units of the desired destination Z axis
(ZAX) on the same Z axisas V — for example, depth values associated with each vertical layer.
The third argument, ZAX, is any variable defined on the destination Z axis, often
"Z[gz=zaxis_name]" is used.

The ZAXREPLACE function takes three arguments. The first argument, V, isthe field of data
values, say temperature or salinity. This variable is available on what we will refer to asthe
"source" Z-axis -- say in terms of layer number. The second argument, ZVALS, contains the
values of the desired destination Z axis defined on the source Z axis -- for example, it may contain
the depth values associated with each vertical layer. It should always share the Z axis from the first
argument. The third argument, ZAX, is defined on the destination Z axis. Only the Z axis of this
variable isrelevant -- the values of the variable, itself, and its structurein X, Y, and T are ignored.
Often & quot;Z[gz=zaxis_name]& quot; is used for the third argument.

Note:

ZAXREPLACE isa"grid-changing" function; its output grid is different from the input
arguments. Therefore it isbest to use explicit limits on the arguments rather than a SET REGION
command. (Seep. 69)



For example:

Contour salt as afunction of density:

yes? set dat |evitus_climatol ogy

I Define density sigma, then density axis axden
yes? let sigma=rho_un(salt,tenp, 0)-1000

yes? define axis/z=21:28:.05 axden

I Regrid to density
yes? |l et saltonsi gma= ZAXREPLACE( salt, sigma, z[gz=axden])

I Make Pacific plot
yes? fill/y=0/x=120e: 75W vl im ts=28:21:-1 saltonsigm

Note that one could regrid the variable in the third argument to the destination Z axisusing
whichever of the regridding transformations that is best for the analysis, e.g. Z gz=axdens@AVE]

Ch3 Sec2.3.25. XSEQUENCE, YSEQUENCE, ZSEQUENCE,
TSEQUENCE

XSEQUENCE(A), YSEQUENCE(A), ZSEQUENCE(A), TSEQUENCE(A) Unravelsthe data
from the argument into a 1-dimensional line of dataon an ABSTRACT axis.

Note:

Thisfamily of functions are "grid-changing” functions; the output grid is different from the input
arguments. Thereforeit is best to use explicit limits on the argument rather than a SET REGION
command. (Seep. 69)

Ch3 Sec2.3.26. FFTA

FFTA(A) Computes Fast Fourier Transform amplitude spectra, normalized by 1/N

Arguments: A Variable with regular time axis.



Result Axes: X Inherited from A

Y Inherited from A

Z Inherited from A

T Generated by the function: frequency in cyc/(time units
from A)

See the demonstration script ef fft demo.jnl for an example using this function. Also seethe
external functions fft_re, fft_im, and fft_inverse for more options using FFT's

FFTA returns a(j) in

(1) = 21 onnl() COSjt + ()]

where[ ] means "integer part of", w=2 pi/T isthe fundamental frequency, and T=N*At isthe time
span of the datainput to FFTA. ® isthe phase (returned by FFTP, see next section)

The units of the returned time axis are "cycles/At" where At is the time unit of theinput axis. The
Nyquist frequency isyquist = 1./(2.* boxsize), and the frequency axis runs from freql = yquist/
float(nfreq) to fregn = yquist

Even and odd N'sare allowed. N need not be a power of 2. FFTA and FFTP assume f(1)=f(N+1),
and the user givesthe routinesthefirst N pts.

Specifying the context of the input variable explicitly e.g.

LI ST FFTA(A[I =1: 58])

will prevent any confusion about the region. See the note in chapter 3 (p. 69)on the context of
variables passed to functions.

The codeis based on the FFT routinesin Swarztrauber's FFTPACK available at www.netlib.org.
For further discussion of the FFTPACK code, please see the document, Noteson FFTPACK - A

Package of Fast Fourier Transform Programs at

http://ferret.pmel .noaa.gov/Ferret/Documentati on/FFT pack _notes/FFTPACK _notes.html



http://www.ferret.noaa.gov/Ferret/Demos/ef_fft_demo/ef_fft_demo.html
http://www.netlib.org/
http://ferret.pmel.noaa.gov/Ferret/Documentation/FFTpack_notes/FFTPACK_notes.html
http://ferret.pmel.noaa.gov/Ferret/Documentation/FFTpack_notes/FFTPACK_notes.html

Ch3 Sec2.3.27. FFTP

FFTP(A) Computes Fast Fourier Transform phase

Arguments: A Variable with regular time axis.
Result Axes: X Inherited from A
Y Inherited from A
z Inherited from A
T Generated by the function: frequency in cyc/(time units
from A)

See the demonstration script ef _fft demo.jnl for an example using this function.

FFTP returns ®(j) in

(1) = 21 onnl01()) COSjt + D()))]

where [ ] means "integer part of", w=2 pi/T is the fundamental frequency, and T=N*At isthe time
span of the data input to FFTA.

The units of the returned time axis are "cycles/At" where At isthe time increment. The Nyquist
frequency isyquist = 1./(2.*boxsize), and the frequency axis runs from freql = yquist/ float(nfreq)
to fregn = yquist

Even and odd N's are allowed. Power of 2 not required. FFTA and FFTP assume f(1)=f(N+1),
and the user gives the routines the first N pts.

Specifying the context of the input variable explicitly e.g.

LI ST FFTA(A[ | =1: 58])

will prevent any confusion about the region. See the note in chapter 3 (p. 69)on the context of
variables passed to functions.


http://www.ferret.noaa.gov/Ferret/Demos/ef_fft_demo/ef_fft_demo.html

The code is based on the FFT routinesin Swarztrauber's FFTPACK available at www.netlib.org.
See the section on FFTA for more discussion (p. 78). For further discussion of the FFTPACK
code, please see the document, Notes on FFTPACK - A Package of Fast Fourier Transform

Programs at
http://ferret.pmel .noaa.gov/Ferret/Documentati on/FFT pack _notes/FFTPACK _notes.html

Ch3 Sec2.3.28. SAMPLEI

SAMPLEI(TO_BE_SAMPLED,X_INDICES) samplesafield a alist of X indices, which area
subset of its X axis

Arguments: TO_BE_SAMPLED Datato sample

X_INDICES list of indices of the variable TO_BE_SAMPLED
Result Axes: X ABSTRACT; length same as X_INDICES

Y Inherited from TO_BE_SAMPLED

Z Inherited from TO_BE_SAMPLED

T Inherited from TO_BE_SAMPLED

See the demonstration ef _sort_demo.jnl for acommon useage of this function. Aswith other
functions which change axes (see p. 69), specify any region information for the variable
TO_BE _SAMPLED explicitly in the function call, e.g.

yes? LET sanpl ed_data = sanplei (airt[ X=160E: 180E], xi ndi ces)

Ch3 Sec2.3.29. SAMPLEJ

SAMPLEJ(TO_BE_SAMPLED,Y _INDICES) samplesafield at alist of Y indices, which are a
subset of its Y axis


http://www.netlib.org/
http://ferret.pmel.noaa.gov/Ferret/Documentation/FFTpack_notes/FFTPACK_notes.html
http://ferret.pmel.noaa.gov/Ferret/Documentation/FFTpack_notes/FFTPACK_notes.html
http://www.ferret.noaa.gov/Ferret/Demos/ef_sort_demo/ef_sort_demo.html

Arguments: TO _BE SAMPLED Datato be sample

Y _INDICES list of indices of the variable TO_ BE_ SAMPLED
Result Axes: X Inherited from TO_BE _SAMPLED

Y ABSTRACT; lengthsameasY_INDICES

Z Inherited from TO_BE _SAMPLED

T Inherited from TO_BE _SAMPLED

See the demonstration ef _sort_demo.jnl for acommon useage of this function. Aswith other
functions which change axes(see p. 69), specify any region information for the variable
TO_BE_SAMPLED explicitly in the function call.

Ch3 Sec2.3.30. SAMPLEK

SAMPLEK(TO_BE_SAMPLED, Z _INDICES) samples afield at alist of Z indices, which are a
subset of its Z axis

Arguments: TO _BE SAMPLED Datato sample

Z INDICES list of indices of the variable TO_ BE_ SAMPLED
Result Axes: X Inherited from TO_ BE SAMPLED

Y Inherited from TO_ BE _ SAMPLED

z ABSTRACT; length same asZ_INDICES

T Inherited from TO_BE _SAMPLED

See the demonstration ef _sort_demo.jnl for acommon useage of this function. Aswith other



http://www.ferret.noaa.gov/Ferret/Demos/ef_sort_demo/ef_sort_demo.html
http://www.ferret.noaa.gov/Ferret/Demos/ef_sort_demo/ef_sort_demo.html

functions which change axes(see p. 69), specify any region information for the variable
TO_BE _SAMPLED explicitly in the function call.

Ch3 Sec2.3.31. SAMPLEL

SAMPLEL(TO_BE_SAMPLED, T_INDICES) samplesafield at alist of T indices, a subset of
itsT axis

Arguments: TO_BE_SAMPLED Datato sample

T _INDICES list of indices of the variable TO_ BE_ SAMPLED
Result Axes: X Inherited from TO_BE_SAMPLED

Y Inherited from TO_BE_SAMPLED

Z Inherited from TO_BE_SAMPLED

T ABSTRACT; length same as X_INDICES

See thedemonstration ef _sort_demo.jnl for a common useage of this function. Aswith other
functions which change axes (see p. 69), specify any region information for the variable
TO_BE_SAMPLED explicitly in the function call.

Ch3 Sec2.3.32. SAMPLEIJ

SAMPLEIJ(DAT_TO_SAMPLE XPTS)YPTS) Returns data sampled at a subset of itsgrid
points, defined by (XPTS, YPTS)

Arguments: DAT TO _SAMPLE Datato sample, field of x, y, and perhaps z and t

XPTS X indices of grid points


http://www.ferret.noaa.gov/Ferret/Demos/ef_sort_demo/ef_sort_demo.html

YPTS Y indices of grid points

Result Axes: X ABSTRACT, length of list (xpts,ypts)
Y NORMAL (no axis)
Z Inherited from DAT_TO _SAMPLE
T Inherited from DAT_TO _SAMPLE

As with other functions which change axes (see p. 69), specify any region information for the
variable TO_BE_SAMPLED explicitly in the function call.

Ch3 Sec2.3.33. SAMPLET_DATE

SAMPLET_DATE (DAT_TO_SAMPLE, YR, MO, DAY, HR, MIN, SEC) Returnsdata
sampled by interpolating to one or more times

Arguments: DAT_TO SAMPLE Datato sample, field of x,y, zand t

YR Year(s), integer YYYY

MO Month(s), integer month number MM
DAY Day(s) of month, integer DD

HR Hour(s) integer HH

MIN Minute(s), integer MM

SEC Second(s), integer SS

Result Axes: X Inherited from DAT_TO_SAMPLE



Y Inherited from DAT_TO_SAMPLE
Z Inherited from DAT_TO_SAMPLE

T ABSTRACT; length is# times sampled

As with other functions which change axes (see p. 69), specify any region information for the
variable DAT_TO_SAMPLE explicitly in the function call.

Example:

List wind speed at a subset of points from the COADS _CLIMATOLOGY data set

yes? use coads_cl i mat ol ogy

yes? set region/x=131e: 135e/y=39n

yes? list sanplet_date(wspd, 0, {5,8}, {16,15}, {12,12}, 0, 0)
yes? |ist sanplet_date(wspd, 0, {5,8}, {16, 15}, {12,112}, 0, 0)

SAMPLET DATE(WSPD, 0, {5,8}, {16,15}, {12,12}, 0, 0)

LATI TUDE: 39N

DATA SET: /hone/ja9/tmap/fer_dsets/descr/coads_cli matol ogy. des
131E 133E 135E
56 57 58
5.782 6.143 5.660

1 / 1:
/ 2 5.313 5.386 5.304

2

Ch3 Sec2.3.34. SAMPLEXY

SAMPLEXY(DAT_TO_SAMPLE XPTSYPTS) Returnsdatasampled at a set of (X,Y)
points, using linear interpolation.

Arguments: DAT_TO SAMPLE  Datato sample
XPTS X values of sample points

YPTS Y values of sample points



Result Axes: X ABSTRACT; length same as XPTSand YPTS

Y NORMAL (no axis)
Z Inherited from DAT_TO_SAMPLE
T Inherited from DAT_TO_SAMPLE

Note:

SAMPLEXY isa"grid-changing” function; its output grid is different from the input arguments.
Therefore it is best to use explicit limits on the first argument rather than a SET REGION
command. (Seep. 69)

Example:
Use SAMPLEXY to extract a section of data taken along a slanted line in the Pacific.

First we generate the locations xlon, ylat (Figure3_3a). One could use a ship track, specifying its
coordinates as xlon, ylat.

yes? USE | evitus_climatol ogy

yes? LET xlon = 234.5 + |[1=1:50] I define the slant line
yes? LET dely 24. 149

yes? LET ylat = 24.5 - dely*i[i=1:50] + dely

yes? PLOT/ VS/ LI NE/ SYM=27 xI on, yl at ! Iine off Central Anerica
yes? GO | and

Now sample the field "salt" along this track and make afilled contour plot. The horizontal axisis
abstract; it isacount of the number of points along the track. To speed the calculation, or if we
otherwise want to restrict the region used on the variable salt, put that information in explicit limits
on the first argument. (Figure3_3b)

yes? LET slantsalt = sanpl exy(salt[x=200: 300, y=0: 30], xl on, yl at)
yes? FILL/LEVELS=(33.2,35.2,0.1)/VLI M TS=0: 4000 sl antsalt



------

GAATLIEDN AL T ZILI LY AT

Ch3 Sec2.3.35. SAMPLEXY_CLOSEST

SAMPLEXY_CLOSEST(DAT_TO_SAMPLEXPTSYPTS) Returnsdatasampled at a set of
(X,Y) points, using nearest grid intersection.

Arguments: DAT_TO SAMPLE  Datato sample

XPTS X values of sample points
YPTS Y values of sample points
Result Axes: X ABSTRACT; length same as XPTSand YPTS

Y NORMAL (no axis)


file:///Z|/ansley/FERRET/HOMEPAGE/Documentation/Users_Guide/doc_for_pdf/images/Ch3_fig03a.gif
file:///Z|/ansley/FERRET/HOMEPAGE/Documentation/Users_Guide/doc_for_pdf/images/Ch3_fig03b.gif

Inherited from DAT_TO_SAMPLE

Inherited from DAT_TO_SAMPLE

Note:SAMPLEXY_CLOSEST isa" grid-changing" function; itsoutput grid isdifferent
from theinput arguments. Thereforeit isbest to use explicit limitson the first argument
rather than a SET REGION command. (Seep. 69)

Thisfunction isa quick-and-dirty substitute for the SAMPLEXY function. It runs much
faster than SAMPLEXY, sinceit doesno interpolation. It returnsthefunction value at the
grid point closest to each point in XPTS, YPTS. It islessaccuratethan SAMPLEXY, but
may give adequate resultsin a much shorter timefor large samples.

Exanpl e:

yes?
yes?
yes?
yes?

yes?
yes?

yes?

Colum 2

1 [ 1. 34.
2 [ 2: 34.
3 [ 3: 34.
4 [ 4: 34.
5 [ 5. 34.
6 [ 6: 34.
7 | 7 34.
8 /| 8. 34.
9 [/ 9: 33.
10 /[ 10: 33.
11 / 11: 33.
12 /[ 12: 33.
13 / 13: 33.

compare wi th SAMPLEXY out put

USE | evi tus_cli nmat ol ogy

LET xl on
LET dely
LET yl at

LET a
LET b

LIST a, b

234.5 + |[1=1:20]
24.119
24.5 - dely*i[i=1:20] + dely

sanpl exy(sal t[ X=200: 300, Y=0: 30, K=1], xlon, ylat)
sanpl exy_cl osest (sal t [ X=200: 300, Y=0: 30, K=1], xlon, ylat)

DATA SET:"./fer _dsets/descr/levitus_climtol ogy. cdf
Levi tus annual climtol ogy (1x1 degree)

X: 0.5to 20.5

DEPTH (m): O

TI ME: 02-JUL 14: 54

Colum 1: A is SAMPLEXY( SALT[ X=200: 300, Y=0: 30, K=1], XLON, YLAT)

A

22
28
35
41
44
38
26
09
90
74
64
63
69

34.
34.
34.
34.
34.
34.
34.
34.
33.
33.
33.
33.
33.

B is SAMPLEXY_CLOSEST( SALT[ X=200: 300, Y=0: 30, K=1], XLON, YLAT)

B
22
26
39
43
44
40
22
07
92
78
62
62
67



14 / 14: 33.81 33.75
15 / 15: 33.95 34.00
16 / 16: 34.11 34.11
17 [ 17: 34.25 34.22
18 / 18: 34.39 34.33
19 /[ 19: 34.53 34.56

20 / 20: 34.65 34.65

Ch3 Sec2.3.36. SAMPLEXY_CURV

SAMPLEXY_CURV Returnsdatawhich ison acurvilinear grid, sampled at a set of (X,Y)
points, using interpolation.

Arguments: DAT _TO SAMPLE  Datato sample

DAT_LON L ongitude coordinates of the curvilinear grid
DAT_LAT Latitude coordinates of the curvilinear grid
XPTS X values of sample points
YPTS Y values of sample points

Result Axes: X ABSTRACT; length same as XPTSand YPTS
Y NORMAL (no axis)
Z Inherited from DAT_TO_SAMPLE
T Inherited from DAT_TO SAMPLE

Note: SAMPLEXY_CLOSEST isa" grid-changing" function; itsoutput grid isdifferent
from theinput arguments. Thereforeit isbest to use explicit limitson the first argument
rather than a SET REGION command. (Seep. 69)



Ch3 Sec2.3.37. SCAT2GRIDGAUSS XY

SCAT2GRIDGAUSS XY (XPTS, YPTS, F, XCOORD, YCOORD, XSCALE, YSCALE,
XCUTOFF, YCUTOFF) Use Gaussian weighting to grid scattered datato an XY grid

Arguments:

Result Axes:

XPTS

YPTS

XAXPTS

YAXPTS

XSCALE

YSCALE

XCUTOFF

YCUTOFF

X

Y

z

x-coordinates of scattered input triples; may be fcn of time
y-coordinates of scattered input triples; may be fcn of time

F(X,Y) 3rd component of scattered input triples. May be
fcn of time

coordinates of X-axis of output grid. Must be regularly
spaced.

coordinates of Y -axis of output grid. Must be regularly
Spaced.

Mapping scale for Gaussian weightsin Y direction, in data
units (e.g. lon or m). See the discussion below.

Mapping scale for Gaussian weightsin Y direction, in data
units (e.g. lat or m)

Cutoff for weight function in the X direction. Only
scattered points within XCUTOFF* X SCALE and

Y CUTOFF*Y SCALE of the grid box center are included
in the sum for the grid box.

Cutoff for weight function in the Y direction.
Inherited from XAXPTS
Inherited from YAXPTS

NORMAL (no axis)



T Inherited from F

Note:

The SCAT2GRIDGAUSS functions are "grid-changing” functions; the output grid is different
from the input arguments. Therefore it is best to use explicit limits on any of the arguments rather
than a SET REGION command. (Seep. 69)

Quick example:

yes? DEFI NE AXI S/ X=180:221: 1 xax

yes? DEFINE AXI S/ Y=-30:10:1 yax

yes? ! read sone data

yes? SET DATA/ EZ/ VARI ABLES="ti nes, | ats, |l ons,var" nyfile. dat

yes? LET ny_out = SCAT2GRI DGAUSS XY(lons, lats, var, x[gx=xax], y[gy=yax], 2,
2, 2, 2)
yes? SHADE ny_out

The SCAT2GRIDGAUSS* functions use a Gaussian interpolation method to map irregular
locations (x,, Y,,) to aregular grid (X,, Yo). The output grid must have equally-spaced gridpointsin
both the x and y directions. For examples of the gridding functions, run the script

obj ecti ve_anal ysi s_deno, or seetheon-line demonstration
http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis demo/objective analysis demo.html

Parameters for asguare grid and afairly dense distribution of scattered points relative to the grid
might be XSCALE=YSCALE = 0.5, and XCUTOFF=Y CUTOFF = 2. To get better coverage, use
acoarser grid or increase XSCALE, YSCALE and/or XCUTOFF, Y CUTOFF.

The value of the gridded function F at each grid point (X,, Y,) is computed by:

F(XO’yO) = z(n=1 to Np)F(Xn’yn)W(men) / Z(n=1 to Np)W(men)
Where Np is the total number of irregular points within the "influence region" of a particular grid

point, (determined by the CUTOFF parameters, defined below). The Gaussian weight fucntion W,
is given by

Wi(XY) = eXp{-[(%:%0) (X)2 + (yry)?l (Y)7}

X and Y in the denominators on the right hand side are the mapping scales, arguments XSCALE
and YSCALE.


http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis_demo/objective_analysis_demo.html

The weight function has a nonzero value everywhere, so all of the scattered points in theory could
be part of the sum for each grid point. To cut computation, the parameters XCUTOFF and

Y CUTOFFf are employed. If acutoff of 2isused (e.g. XCUTOFF* XSCALE=2), then the
weight function is set to zerowhen W, < e4. This occurs where distances from the grid point are
less than 2 times the mapping scales X or Y.

(Reference for this method: Kessler and McCreary, 1993: The Annual Wind-driven Rossby Wave
in the Subthermocline Equatorial Pacific, Journal of Physical Oceanography 23, 1192 -1207)

Ch3 Sec2.3.38. SCAT2GRIDGAUSS XZ

SCAT2GRIDGAUSS XZ(XPTS, ZPTS, F, XAXPTS, ZAXPTS, XSCALE, ZSCALE,
XCUTOFF, ZCUTOFF) Use Gaussian weighting to grid scattered datato an XZ grid

See the description under SCAT2GRIDGAUSS XY (p. 87). Note that The output grid must have
equally-spaced gridpoints in both the x and z directions. For examples of the gridding functions,
run the script obj ecti ve_anal ysi s_deno, or seetheon-line demonstration
http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis demo/objective analysis demo.html

Ch3 Sec2.3.39. SCAT2GRIDGAUSS YZ

SCAT2GRIDGAUSS YZ(YPTS, zPTS, F, YAXPTS, ZAXPTS, YSCALE, ZSCALE,
YCUTOFF, ZCUTOFF) Use Gaussian weighting to grid scattered datato a'YZ grid

See the description under SCAT2GRIDGAUSS XY (p. 87). Note that the output grid must have
equally-spaced gridpoints in both the y and z directions. For examples of the gridding functions,
run the script obj ecti ve_anal ysi s_denp, or seetheon-line demonstration
http://www.ferret.noaa.gov/Ferret/Demos/objective analysis demo/objective analysis demo.html

Ch3 Sec2.3.40. SCAT2GRIDLAPLACE_XY

SCAT2GRIDLAPLACE_XY(XPTS, YPTS, F, XAXPTS, YAXPTS, CAY, NRNG) Use
Laplace/ Spline interpolation to grid scattered datato an XY grid.

Note:


http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis_demo/objective_analysis_demo.html
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The SCAT2GRIDLAPLACE functions are "grid-changing” functions; the output grid is different
from the input arguments. Therefore it is best to use explicit limits on any of the arguments rather
than a SET REGION command. (Seep. 69)

Quick example:

yes? DEFI NE AXI S/ X=180: 221: 1 xax

yes? DEFINE AXI S/ Y=-30:10:1 yax

yes? ! read sone data

yes? SET DATA/ EZ/ VARI ABLES="ti nes, | ats, |l ons,var" nyfile. dat

yes? LET ny_out = SCAT2GRI DLAPLACE XY(lons, lats, var, Xx[gx=xax], y[gy=yax],
2., 5)
yes? SHADE ny_out

For examples of the gridding functions, run the script obj ect i ve_anal ysi s_deno, or see
the on-line demonstration
http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis demo/objective analysis demo.html

The SCAT2GRIDLAPLACE* functions employ the same interpolation method as is used by
PPLUS, and appears elsewhere in Ferret, e.g. in contouring. The parameters are used as follows
(quoted from the PPLUS Users Guide. A reference for thisis "Plot Plus, a Scientific Graphics
System”, written by Donald W. Denbo, April 8, 1987.):

CAY

If CAY=0.0, Laplacian interpolation isused. The resulting surface tends to have rather sharp
peaks and dips at the data points (like atent with poles pushed up into it). Thereisno chance of
spurious peaks appearing. As CAY isincreased, Spline interpolation predominates over the
Laplacian, and the surface passes through the data points more smoothly. The possibility of
spurious peaks increases with CAY. CAY=infinity is pure Spline interpolation. An over
relaxation processin used to perform the interpolation. A vaue of CAY =5 often gives a good
surface.

NRNG

Any grid points farther than NRNG away from the nearest data point will be set to "undefined”
The default used by PPLUSiISNRNG =5

Ch3 Sec2.3.41. SCAT2GRIDLAPLACE_XZ

SCAT2GRIDLAPLACE_XZ(XPTS, ZPTS, F, XAXPTS, ZAXPTS, CAY, NRNG) Use
Laplace/ Spline interpolation to grid scattered datato an XZ grid.


http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis_demo/objective_analysis_demo.html

Arguments: XPTS x-coordinates of scattered input triples. May be fcn of time

ZPTS z-coordinates of scattered input triples. May be fcn of time

F F(X,Z) 3rd component of scattered input triples. May be
fcn of time

XAXPTS coordinates of X-axis of output grid. Must be regularly
spaced.

ZAXPTS coordinates of Z-axis of output grid. Must be regularly
Spaced.

CAY Amount of spline egation (between 0 and inf.) vs Laplace
Interpolation

NRNG Grid points more than NRNG grid spaces from the nearest

data point are set to undefined.

Result Axes: X Inherited from XAXPTS
Y NORMAL (no axis)
z Inherited from ZAXPTS
T Inherited from F

The gridding algorithm is discussed under SCAT2GRIDLAPLACE_XY (p. 93). For examples of
the gridding functions, run the script obj ecti ve_anal ysi s_deno, or seetheon-line
demonstration

http://www.ferret.noaa.gov/Ferret/Demos/objective analysis demo/objective analysis demo.html

Ch3 Sec2.3.42. SCAT2GRIDLAPLACE_YZ

SCAT2GRIDLAPLACE_YZ(YPTS, ZPTS, F, YAXPTS, ZAXPTS, CAY,NRNG) Use
Laplace/ Spline interpolation to grid scattered datato an Y Z grid.


http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis_demo/objective_analysis_demo.html

Arguments: YPTS y-coordinates of scattered input triples. May be fcn of time

ZPTS z-coordinates of scattered input triples. May be fcn of time

F F(Y,Z) 3rd component of scattered input triples. May be
fcn of time

YAXPTS coordinates of Y-axis of output grid. Must be regularly
spaced.

ZAXPTS coordinates of Z-axis of output grid. Must be regularly
spaced.

CAY Amount of spline egation (between 0 and inf.) vs Laplace
interpolation

NRNG Grid points more than NRNG grid spaces from the nearest

data point are set to undefined.

Result Axes: X NORMAL (no axis)
Y Inherited from YAXPTS
Z Inherited from ZAXPTS
T Inherited from F

The gridding algorithm is discussed under SCAT2GRIDLAPLACE_XY (p. 93). For examples of
the gridding functions, run the script obj ecti ve_anal ysi s_deno, or seetheon-line
demonstration

http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis demo/objective anaysis demo.html

Ch3 Sec2.3.43. SORTI

SORTI(DAT): Returnsindices of data, sorted on the | axisin increasing order


http://www.ferret.noaa.gov/Ferret/Demos/objective_analysis_demo/objective_analysis_demo.html

SORTI, SORTJ, SORTK, and SORTL return the indices of the data after it has been sorted. These
functions are used in conjunction with functions such as the SAMPLE functions to do sorting and
sampling. Seethe demonstration ef _sort demo.jnl for common useage of these functions.

As with other functions which change axes (see p. 69), specify any region information for the
variable DAT explicitly in the function call.

Ch3 Sec2.3.44. SORTJ

SORTJ(DAT) Returnsindices of data, sorted on the | axisin increasing order

Arguments: DAT DAT: variable to sort
Result Axes: X Inherited from DAT
Y ABSTRACT, same length as DAT y-axislnherited from
DAT
Z Inherited from DAT
T Inherited from DAT
See discussion under SORTI

Ch3 Sec2.3.45. SORTK

SORTK(DAT) Returnsindices of data, sorted on the | axisin increasing order
Arguments: DAT DAT: variable to sort

Result Axes: X Inherited from DAT

Y Inherited from DAT


http://www.ferret.noaa.gov/Ferret/Demos/ef_sort_demo/ef_sort_demo.html

Z ABSTRACT, samelength as DAT x-axis

T Inherited from DAT

See the discussion under SORTI

Ch3 Sec2.3.46. SORTL

SORTL (DAT) Returnsindices of data, sorted on the L axisin increasing order

Arguments: DAT DAT: variable to sort
Result Axes: X Inherited from DAT

Y Inherited from DAT

Z Inherited from DAT

T ABSTRACT, samelength as DAT x-axis
See the discussion under SORTI

Ch3 Sec2.3.47. TAUTO_COR

TAUTO_COR(A): Compute autocorrelation function (ACF) of time series, lags of 0,...,N-1,
where N isthe length of the time axis.

Arguments: A A function of time, and perhaps x,y,z
Result Axes: X Inherited from A

Y Inherited from A



Z Inherited from A

T ABSTRACT, same length as A time axis (lags)

Note:

TAUTO_COR isa"grid-changing” function; its output grid is different from the input arguments.
Therefore it is best to use explicit limits on the first argument rather than a SET REGION
command. (Seep. 69)

Ch3 Sec2.3.48. XAUTO_COR

XAUTO _COR(A): Compute autocorrelation function (ACF) of aseriesin X, lagsof 0,...,N-1,
where N isthe length of the x axis.

Arguments: A A function of x, and perhapsy,z,t

Result Axes: X ABSTRACT, samelength as X axisof A (lags)
Y Inherited from A
Z Inherited from A
T Inherited from A

Note:

XAUTO_CORisa"grid-changing” function; its output grid is different from the input arguments.
Therefore it is best to use explicit limits on the first argument rather than a SET REGION
command. (Seep. 69)

Ch3 Sec2.4. Transformations

Transformations (e.g., averaging, integrating, etc.) may be specified along the axes of avariable.



Some transformations (e.g., averaging) reduce arange of datato a point; others (e.g.,
differentiating) retain the range.

When transformations are specified along more than one axis of a single variable the order of
execution is X axisfirst,then Y thenZ then T.

The regridding transformations are described in the chapter "Grids and Regions® (p. 129).
Example syntax: TEMP[ Z=0: 100@.OC: 20] (depth at which temp has value 20)

Valid transformations are

Default
Transform Argument Description
@DIN definite integral (weighted sum)
@IIN indefinite integral (weighted running sum)
@AVE average
@VAR unweighted variance
@MIN minimum
@MAX maximum
@SHF 1 pt shift
@SBX 3pt boxcar smoothed

@SBN 3pt binomia smoothed



@SHN

@SPZ

@SWL

@DDC

@DDF

@DDB

@NGD

@NBD

@SUM

@RSUM

@FAV

@FLN

@FNR

@LOC

@WEQ

3pt

3pt

3 pt

3pt

1pt

1pt

Hanning smoothed

Parzen smoothed

Welch smoothed

centered derivative

forward derivative

backward derivative

number of valid points

number of bad (invalid) points flagged

unweighted sum

running unweighted sum

fill missing values with average

fill missing values by linear interpolation

fill missing values with nearest point

coordinate of ... (e.g., depth of 20 degrees)

"weighted equal” (integrating kernel)



@CDA closest distance above

@CDB closest distance below
@CIA closest index above
@CIB closest index below

The command SHOW TRANSFORM will produce alist of currently available transformations.

Examples: Transformations

U Z=0: 100@AVE] — average of u between 0 and 100in Z

sst [ T=@BX: 10] — box-car smooths sst with a 10 time point filter
tau[ L=1: 25@DC] — centered time derivative of tau

V[L=@ I N| — indefinite (accumulated) integral of v

gf | ux[ X=@AVE, Y=@GAVE] — XY area-averaged gflux

Ch3 Sec2.4.1. General information about transfor mations

Transformations are normally computed axis by axis; if multiple axes have transformations
specified ssimultaneously (e.g., U Z=@AVE, L=@5BX: 10] ) the transformations will be applied
sequentially in the order X then Y then Z then T. There are two exceptionsto this: if @DIN is
applied simultaneously to both the X and Y axes (in units of degrees of longitude and latitude,
respectively) the calculation will be carried out on a per-unit-area basis (as a true double integral)
instead of a per-unit-length basis, sequentially. This ensures that the COSINE(latitude) factors will
be applied correctly. The same appliesto @AV E simultaneously on X and Y.



Datathat are flagged as invalid are excluded from calculations.

When calculating integrals and derivatives (@IIN, @DIN, @DDC, @DDF, and @DDB) Ferret
attempts to use standardized units for the grid coordinates. If the underlying axisisin a known unit
of length Ferret converts grid box lengths to meters. If the underlying axisisin aknown unit of
time Ferret converts grid box lengths to seconds. If the underlying axisis degrees of longitude a
factor of COSINE (latitude) is applied to the grid box lengths in meters.

If the underlying axis units are unknown Ferret uses those unknown units for the grid box lengths.
(If Ferret does not recognize the units of an axis it displays a message to that effect when the
DEFINE AXISor SET DATA command defines the axis.) See command DEFINE AXIS/UNITS
(p. 318) in the Commands Reference in this manual for alist of recognized units.

All integrations and averaging are accomplished by multiplying the width of each grid box by the
value of the variable in that grid box—then summing and dividing as appropriate for the particular
transformation.

If integration or averaging limits are given as world coordinates, the grid boxes at the edges of the
region specified are weighted according to the fraction of grid box that actually lies within the
specified region. If the transformation limits are given as subscripts, the full box size of each grid
point along the axis is used—including the first and last subscript given. The region information
that islisted with the output reflects this.

Some transformations (derivatives, shifts, smoothers) require data points from beyond the edges of
the indicated region in order to perform the calculation. Ferret automatically accesses this data as
needed. It flags edge points as missing values if the required beyond-edge points are unavailable
(e.g., @DDC applied on the X axisat I1=1).

Ch3 Sec2.4.2. Transformationsapplied toirregular regions

Since transformations are applied along the orthogonal axes of agrid they lend themselves
naturally to application over "rectangular” regions (possibly in 3 or 4 dimensions). Ferret has
sufficient flexibility, however, to perform transformations over irregular regions.

Suppose, for example, that we wish to determine the average wind speed within an irregularly
shaped region of the globe defined by athreshold sea surface temperature value. We can do this
through the creation of amask, asin this example:

yes? SET DATA coads_cl i mat ol ogy

yes? SET REG QN | =1/ @ I January in the Tropical Pacific
yes? LET sst28_mask = | F sst GI 28 THEN 1

yes? LET masked_wi nd_speed = wspd * sst 28 mask



yes? LI ST nasked_wi nd_speed[ X=@AVE, Y=GAVE]

The variable sst28 mask isacollection of 1's and missing values. Using it as a multiplier on the
wind speed field produces a new result that is undefined except in the domain of interest.

When using masking be aware of these considerations:

. Useundefined values rather than zeros to avoid contaminating the calculation with zero
values.

. The masked region is composed of rectangles at the level of resolution of the gridded
variables; the mask does NOT follow smooth contour lines. To obtain a smoother mask it
may be desirable to regrid the calculation to afiner grid.

. Variablesfrom different data sets can be used to mask one another. For example, the
ETOPOG60 bathymetry data set can be used to mask regions of land and sea.

Ch3 Sec2.4.3. General information about smoothing transfor mations

Ferret provides several transformations for smoothing variables (removing high frequency
variability). These transformations replace each value on the grid to which they are applied with a
weighted average of the surrounding data values along the axis specified. For example, the
expression u[ T=@SPZ:3] replaces the value at each (1,J,K,L) grid point of the variable "u" with the
weighted average

uat t = 0.25*(u at t-1) + 0.5*(u at t) + 0.25*(u at t+1)

The various choices of smoothing transformations (@SBX, @SBN, @SPZ, @SHN, @SWL)
represent different shapes of weighting functions or "windows" with which the original variableis
convolved. New window functions can be obtained by nesting the simple ones provided. For
example, using the definitions

yes? LET ubox = u[ L=@BX: 15]
yes? LET utaper = ubox[L=@HN: 7]

produces a 21-point window whose shape is a boxcar (constant weight) with COSINE (Hanning)
tapers at each end.

Ferret may be used to directly examine the shape of any smoothing window: Mathematically, the
shape of the smoothing window can be recovered as a variable by convolving it with a delta
function. In the example below we examine (PLOT) the shape of a 15-point Welch window
(Figure 3 _4).
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I define X axis as [-1,1] by 0.2
yes? GO unit_square
yes? SET REG OV X=-1:1
yes? LET delta =

IF X EQO THEN 1 ELSE 0O
I convolve delta with Wel ch wi ndow
yes? PLOT delta[l=@W.: 15]

Ch3 Sec2.4.4. @DIN—definiteintegral

The transformation @DIN computes the definite integral—a single value that is the integral
between two points along an axis (compare with @IIN). It is obtained as the sum of the
grid_box*variable product at each grid point. Grid points at the ends of the indicated range are
weighted by the fraction of the grid box that falls within the integration interval.

If @DIN is specified simultaneously on multiple axes the calculation will be performed as a
multiple integration rather than as sequential single integrations. The output will document this
fact by indicating atransformation of "@IN4" or "XY integ." See Genera Information (p 97) for
important details about this transformation.

Example:

yes? CONTOUR/ X=160E: 160W Y=5S:; 5N u[ Z=0: 50@l N]

In alatitude/longitude coordinate system X=@DIN is sensitive to the COS(latitude) correction.
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Integration over complex regions in space may be achieved by masking the multi-dimensional
variable in question and using the multi-dimensional form of @DIN. For example

yes? LET salinity where tenp gt 15 = IF tenp GI 15 THEN sal t
yes? LIST salinity where tenp gt 15[ X=@DI N, Y=@DI N, Z=@l N|

Ch3 Sec2.4.5. @!IN—indefiniteintegral

The transformation @IIN computes the indefinite integral—at each subscript of the result it isthe
value of the integral from the start value to the upper edge of that grid box. It is obtained as a
running sum of the grid_box* variable product at each grid point. Grid points at the ends of the
indicated range are weighted by the fraction of the grid box that falls within the integration
interval. See General Information (p 97) for important details about this transformation.

Example:

yes? CONTOUR/ X=160E: 160W Z=0 u[ Y=5S: 5N@ | N]

Note 1: The indefinite integral is always computed in the increasing coordinate direction. To
compute the indefinite integral in the reverse direction use

LET reverse_integral = ny var[X=lo:hi@IN - ny_var[X=lo:hi @IN]|

Note 2: In alatitude/longitude coordinate system X=@IIN is sensitive to the COS(latitude)
correction.

Note 3: Theresult of the indefinite integral is shifted by 1/2 of agrid cell from its " proper”
location. Thisis because the result at each grid cell includes the integral computed to the upper end
of that cell. (Thiswas necessary in order that var[l1=lo:hi@DIN] and var[lI=lo:hi@IIN] produce
consistent results.)

To illustrate, consider these commands

yes? LET one = x-x+1
yes? LI ST/1=1:3 one[l|=@li n]

X- X+1
X: 0.5 to 3.5 (integrated)
3. 000
yes? LIST/1=1:3 one[l =@ n]
X- X+1

i ndef. integ. on X
1 / 1. 1.000



2 / 2: 2.000

3 / 3: 3.000

The grid cell at 1=1 extends from 0.5 to 1.5. The value of theintegral at 1.5 is 1.000 as reported but
the coordinate listed for thisvalueis 1 rather than 1.5. Two methods are available to correct for

this 1/2 grid cell shift.

Method 1: correct the result by subtracting the 1/2 grid cell error

yes? LIST/1=1:3 one[l=@in] - one/2
ONE[ I =@ I N - ONE/ 2

1 / 1. 0.500
2 |/ 2: 1.500
3 [/ 3: 2.500

Method 2: correct the coordinates by shifting the axis 1/2 of agrid cell

yes? DEFINE AXI S/ X=1.5:3.5:1 xshift
yes? LET SH FTED | NTEGRAL = one[l=@ | N|
yes? LET corrected_integral = shifted_ integral [ GX=xshi ft @GASN|
yes? LI ST/1=1:3 corrected_integral

SHI FTED _| NTEGRAL[ GX=XSHI FT@ASN|
1.5/ 1. 1.000
2.5/ 2: 2.000
3.5/ 3: 3.000

Ch3 Sec2.4.6. @AV E—average

The transformation @AYV E computes the average weighted by grid box size—a single number
representing the average of the variable between two endpoints.

If @AVE is specified simultaneously on multiple axes the calculation will be performed asa
multiple integration rather than as sequential single integrations. The output will document this
fact by showing @AV4 or "XY ave" asthe transformation. See Genera Information (p 97) for
important details about this transformation.

Example:
yes? CONTOUR/ X=160E: 160W Y=5S: 5N u[ Z=0: 50@AVE]

Note that the unweighted mean can be calculated using the @SUM and @NGD transformations.



Averaging over complex regionsin space may be achieved by masking the multi-dimensional
variable in question and using the multi-dimensional form of @AVE. For example

yes? LET salinity where tenp gt 15 = IF tenp GI 15 THEN sal t
yes? LIST salinity where_ tenp_ gt 15[ X=@AVE, Y=GAVE, Z=@GAVE]

When we use var[x=@AVE] Ferret averages over the grid points of the variable along the X axis,
using any regionin X that isin place. IF aspecified rangeis given X=x1:x2@ave, then Ferret uses
portions of grid cellsto average over that exact region.

yes?
yes?

yes?
yes?

S59W
57TW
55W

yes?

USE coads_cl i mat ol ogy
LI ST/ L=1/ Y=45 sst[x=301: 305@AVE]
VARI ABLE : SEA SURFACE TEMPERATURE (Deg O
LONG TUDE: 59Wto 55W (aver aged)
LATI TUDE : 45N
TI ME . 16- JAN 06: 00
2. 6557

LET var = sst[x=301: 305]
LI ST/ L=1/ Y=45 var
VARI ABLE : SST[ X=301: 305]
SUBSET : 3 points (LONG TUDE)
LATI TUDE : 45N
TI VE . 16-JAN 06: 00
45N

/ 141: 2.231
/ 142: 2.604
/ 143: 3.183

LI ST/ L=1/ Y=45 var [ Xx=@AVE]
VARI ABLE : SST[ X=301: 305]
LONGA TUDE: 60Wto 54W (aver aged)
LATI TUDE : 45N
TI VE : 16-JAN 06: 00
2.6730

Thelast average is taken not from a specific X to another specific X, but over all grid cellsin the
range where the variable var is defined. Note in each listing the LONGITUDE range of the
average.

Ch3 Sec2.4.7. VAR—weighted variance

The transformation @V AR computes the weighted variance of the variable with respect to the
indicated region (ref. Numerical Recipes, The Art of Scientific Computing, by William H. Press et
al., 1986).



Aswith @AVE, if @V AR is applied smultaneously to multiple axes the calculation is performed
asthe variance of ablock of datarather than as nested 1-dimensional variances. See General
Information (p 97) for important details about this transformation.

Ch3 Sec2.4.8. MIN—minimum

The transformation @MIN finds the minimum value of the variable within the specified axis
range. See General Information (p 97) for important details about this transformation.

Example:

For fixedZ and Y

yes? PLOT/ T="1- JAN- 1982": " 1- JAN- 1983" t enp[ X=160E: 160\@ N|

plots atime series of the minimum temperature found between longitudes 160 east and 160 west.

Ch3 Sec2.4.9. @M AX—maximum

The transformation @MAX finds the maximum value of the variable within the specified axis
range. See also @MIN. See General Information (p 97) for important details about this

transformation.

Ch3 Sec2.4.10. @SHF:n—shift

The transformation @SHF shifts the data up or down in subscript by the number of points given as
the argument. The default isto shift by 1 point. See General Information (p 97) for important
details about this transformation.

Examples:

U L=@HF: 2]

associates the value of U[L=3] with the subscript L=1.



U L=@HF: 1] - U

givesthe forward difference of the variable U aong the L axis.

Ch3 Sec2.4.11. @SBX:n—boxcar smoother

The transformation @SB X applies a boxcar window (running mean) to smooth the variable along
the indicated axis. The width of the boxcar is the number of points given as an argument to the
transformation. The default width is 3 points. All points are weighted equally, regardless of the
sizes of the grid boxes, making this transformation best suited to axes with equally spaced points.
If the number of points specified is even, however, @SBX weights the end points of the boxcar
smoother as %2.. See General Information (p 97) for important details about this transformation.

Example:

yes? PLOT/ X=160W Y=0 u[ L=1: 120@8BX: 5]

The transformation @SB X does not reduce the number of points along the axis; it replaces each of
the original values with the average of its surrounding points. Regridding can be used to reduce the
number of points.

Ch3 Sec2.4.12. @SBN:n—binomial smoother

The transformation @SBN applies a binomial window to smooth the variable along the indicated
axis. The width of the smoother is the number of points given as an argument to the
transformation. The default width is 3 points. The weights are applied without regard to the widths
of the grid boxes, making this transformation best suited to axes with equally spaced points. See
Genera Information (p 97) for important details about this transformation.

Example:

yes? PLOT/ X=160W Y=0/ Z=0 u[ L=1: 120@5BN: 15]

The transformation @SBN does not reduce the number of points along the axis; it replaces each of
the origina values with aweighted sum of its surrounding points. Regridding can be used to
reduce the number of points. The argument specified with @SBN, the number of pointsin the
smoothing window, must be an odd value; an even value would result in an effective shift of the



dataalong its axis.

Ch3 Sec2.4.13. @SHN:n—Hanning smoother

Transformation @SHN applies a Hanning window to smooth the variable along the indicated axis
(ref. Numerical Recipes, The Art of Scientific Computing, by William H. Press et al., 1986). In
other respectsit isidentical in function to the @SBN transformation. Note that the Hanning
window used by Ferret contains only non-zero weight values with the window width.The default
width is 3 points. Some interpretations of this window function include zero weights at the end
points. Use an argument of N-2 to achieve this effect (e.g., @SBX:5 is equivalent to a 7-point
Hanning window which has zeros asitsfirst and last weights). See General Information (p 97) for

important details about this transformation.

Ch3 Sec2.4.14. @SPZ:n—Parzen smoother

Transformation @SPZ applies a Parzen window to smooth the variable along the indicated axis
(ref. Numerical Recipes, The Art of Scientific Computing, by William H. Press et al., 1986). In
other respectsit isidentical in function to the @SBN transformation. The default window width is
3 points. See Genera Information (p 97) for important details about this transformation.

Ch3 Sec2.4.15. @SWL:n—Welch smoother

Transformation @SWL applies a Welch window to smooth the variable along the indicated axis
(ref. Numerical Recipes, The Art of Scientific Computing, by William H. Press et al., 1986). In
other respectsit isidentical in function to the @SBN transformation. The default window width is
3 points. See General Information (p 97) for important details about this transformation.

Ch3 Sec2.4.16. @DDC—centered derivative

The transformation @DDC computes the derivative with respect to the indicated axisusing a
centered differencing scheme. The units of the underlying axis are treated as they are with
integrations. If the points of the axis are unequally spaced, note that the calculation used is still
(Fei —Fo) 1 (X — X)) . See Genera Information (p 97) for important details about this
transformation.



Example:

yes? PLOT/ X=160W Y=0/ Z=0 u[ L=1: 120@DC]

Ch3 Sec2.4.17. @DDF—forward derivative

The transformation @DDF computes the derivative with respect to the indicated axis. A forward
differencing schemeis used. The units of the underlying axis are treated as they are with
integrations. See Genera Information (p 97) for important details about this transformation.

Example:

yes? PLOT/ X=160W Y=0/ Z=0 u[ L=1: 120@DDF]

Ch3 Sec2.4.18. @DDB—backward derivative

The transformation @DDF computes the derivative with respect to the indicated axis. A backward
differencing scheme is used. The units of the underlying axis are treated as they are with
integrations. See General Information (p 97) for important details about this transformation.

Example:

yes? PLOT/ X=160W Y=0/ Z=0 u[ L=1: 120@DB]

Ch3 Sec2.4.19. @NGD—number of good points

The transformation @NGD computes the number of good (valid) points of the variable with
respect to the indicated axis. Use @NGD in combination with @SUM to determine the number of
good points in a multi-dimensional region.

Note that, as with @VAR, when @NGD is applied simultaneously to multiple axes the calculation
isapplied to the entire block of values rather than to the individual axes. See General Information
(p 97) for important details about this transformation.



Ch3 Sec2.4.20. @NBD—number of bad points

The transformation @NBD computes the number of bad (invalid) points of the variable with
respect to the indicated axis. Use @NBD in combination with @SUM to determine the number of
bad points in a multi-dimensional region.

Note that, aswith @V AR, when @NBD is applied simultaneously to multiple axes the calculation
isapplied to the entire block of values rather than to the individual axes. See General Information
(p 97) for important details about this transformation.

Ch3 Sec2.4.21. @SUM —unweighted sum

The transformation @SUM computes the unweighted sum (arithmetic sum) of the variable with
respect to the indicated axis. This transformation is most appropriate for regions specified by
subscript. If the region is specified in world coordinates, the edge points are not weighted—they
are wholly included in or excluded from the calculation, depending on the location of the grid
points with respect to the specified limits. See General Information (p 97) for important details

about this transformation.

Ch3 Sec2.4.22. @RSUM—running unweighted sum

The transformation @RSUM computes the running unweighted sum of the variable with respect to
the indicated axis. @RSUM isto @IIN as @SUM isto @DIN. The treatment of edge pointsis
identical to @SUM. See General Information (p 97) for important details about this

transformation.

Ch3 Sec2.4.23. @FAV:.n—averaging filler

The transformation @FAYV fills holes (values flagged as invalid) in variables with the average
value of the surrounding grid points along the indicated axis. The width of the averaging window
is the number of points given as an argument to the transformation. The default isn=3. If an even
value of nis specified, Ferret uses n+1 so that the averageis centered. All of the surrounding
points are weighted equally, regardless of the sizes of the grid boxes, making this transformation



best suited to axes with equally spaced points. If any of the surrounding points are invalid they are
omitted from the calculation. If all of the surrounding points are invalid the holeis not filled. See
General Information (p 97) for important details about this transformation.

Example:

yes? CONTOUR/ X=160W 160E/ Y=5S: 0 u[ X=@rAV: 5]

Ch3 Sec2.4.24. @FLN:n—linear interpolation filler

The transformation @FLN:n fills holesin variables with alinear interpolation from the nearest non-
missing surrounding point. n specifies the number of points beyond the edge of the indicated axis
limits to include in the search for interpolants (default n = 1). Unlike @FAV, @FLN is sensitive to
unevenly spaced points and computes its linear interpolation based on the world coordinate
locations of grid points.

Any gap of missing values that has a valid data point on each end will befilled, regardiess of the
length of the gap. However, when a sub-region from the full span of the data is requested
sometimes afillable gap crosses the border of the requested region. In this case the valid data
point from which interpolation should be computed is not available. The parameter n tells Ferret
how far beyond the border of the requested region to look for avalid data point. See Genera
Information (p 97) for important details about this transformation.

Example: To allow datato befilled only when gapsini are less than 15 points, use the @CIA and
@CIB transformations which return the distance from the nearest valid point.

yes? USE ny_data

yes? LET all owed _gap = 15

yes? LET gap_size = ny_var[i=@ia] + ny_var[i=@i b]
yes? LET gap_nask | F gap_size LE gap_allowed THEN 1
yes? LET ny_answer = ny_var[i=@Iln) * gap_nask

Ch3 Sec2.4.25. @FNR—nearest neighbor filler

The transformation @FNR issimilar to @FLN, except that it replicates the nearest point to the
missing value. In the case of points being equally spaced around the missing point, the mean value
isused. See General Information (p 97) for important details about this transformation.



Ch3 Sec2.4.26. @L OC—Ilocation of

The transformation @L OC accepts an argument value—the default value is zero if no argument is
specified. The transformation @L OC finds the single location at which the variable first assumes
the value of the argument. The result isin units of the underlying axis. Linear interpolation is used
to compute locations between grid points. If the variable does not assume the value of the
argument within the specified region the @L OC transformation returns an invalid dataflag. See
also the discussion of @EVNT, the "event mask" transformation, (p. 115)

For example, temp[Z=0:200@L OC:18] finds the location along the Z axis (often depth in meters)
at which the variable "temp" (often temperature) first assumes the value 18, starting at Z=0 and
searching to Z=200. See General Information (p 97) for important details about this

transformation.

yes? CONTOUR/ X=160E: 160W Y=10S: 10N t enp[ Z=0: 200@Q.CC: 18]

produces a map of the depth of the 18-degree isotherm. See also the General Information about
transformations section in this chapter (p. 97).

Note that the transformation @LOC can be used to locate non-constant values, too, as the
following example illustrates:

Example: locating non-constant values

Determine the depth of maximum salinity.

yes? LET max_salt = sal t[Z=@QAX]
yes? LET zero_at _mex = salt - max_salt
yes? LET depth_of _max = zero_at _max[ Z=@Q.CC: 0]

Ch3 Sec2.4.27. @WEQ—weighted equal; integration kernel

The @WEQ ("weighted equal™) transformation is the subtlest and arguably the most powerful
transformation within Ferret. It isageneralized version of @LOC; @L OC aways determines the
value of the axis coordinate (the variable X, Y, Z, or T) at the points where the gridded field has a
particular value. More generaly, @WEQ can be used to determine the value of any variable at
those points. See also the discussion of @EVNT, the "event mask” transformation (p. 115). See

General Information (p 97) for important details about this transformation.



Like @LOC, the transformation @WEQ finds the location along a given axis at which the variable
isequal to the given (or default) argument. For example, V1[Z=@WEQ:5] finds the Z locations at
which V1 equals "5". But whereas @L OC returns asingle value (the linearly interpolated axis
coordinate values at the locations of equality) @WEQ returnsinstead a field of the same size as
the original variable. For those two grid points that immediately bracket the location of the
argument, @WERQ returns interpolation coefficients. For all other pointsit returns missing value
flags. If the value isfound to lie identically on top of a grid point an interpolation coefficient of 1
isreturned for that point alone. The default argument value is 0.0 if no argument is specified.

Example 1

yes? LET vl = X/ 4
yes? LIST/ X=1:6 v1, v1[X=@\EQ 1], v1[ X=@\EQ 1. 2]

X vl @EQ 1 @EQ 1.2

1: 0.250

0. 500

0. 750 Ce C
1. 000 1. 000 0. 2000
1.250 Ce 0. 8000
1.500

QU RWN

The resulting field can be used as an "integrating kernel," a weighting function that when
multiplied by another field and summed will give the value of that new field at the desired
location.

Example 2

Using variable v1 from the previous example, suppose we wish to know the value of the function
X"2 (X squared) at the location where variable v1 has the value 1.2. We can determineit as
follows:

yes? LET x_squared = X*2
yes? LET integrand = x_squared * v1[ X=@\EQ 1. 2]
yes? LI ST/ X=1: 6 i ntegrand][ X=@UM ! Ferret output bel ow
X_SQUARED * VI1[ X=@\EQ 1. 2]
X: 1 to 6 (sunmed)
23. 20

Notice that 23.20 = 0.8 * (5"2) + 0.2 * (4°2)



Below are two "real world" examples that produce fully labeled plots.
Example 3: salinity on an isotherm

Use the Levitus climatology to contour the salinity of the Pacific Ocean along the 20-degree
isotherm (Figure 3_5).

yes? SET DATA | evitus_climatol ogy I ‘annual sub-surface climatol ogy
yes? SET REGQ ON X=100E: 50W Y=45S: 45N I Pacific Ccean

yes? LET isotherm20 = tenp[ Z=@\EQ 20] ! depth kernel for 20 degrees
yes? LET integrand_20 = salt * isotherm 20

yes? SET VARI ABLE/ TI TLE="Sal inity on the 20 degree isothernf integrand_20

yes? PPL CONSET .12 Icontour | abel size (def. .08)
yes? CONTOUR/ LEV=(33, 37,.2) integrand_20[ Z=@UM
yes? GO fl and Icontinental fill

Example 4: month with war mest sea surface temper atures

Use the COADS data set to determine the month in which the SST is warmest across the Pacific
Ocean. In this example we use the same principles as above to create an integrating kernel on the
time axis. Using this kernel we determine the value of the time step index (which is also the month
number, 1-12) at the time of maximum SST (Figure 3_6).
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yes? SET DATA coads_cl i mat ol ogy ! nonthly surface climatol ogy

yes? SET REG OV X=100E: 50W Y=45S: 45N ! Pacific Ccean

yes? SET MODE CAL: MONTH

yes? LET zero_at warnest = sst - sst[|=@rax]

yes? LET integrand = L[ G=sst] * zero_at_warnmest[L=@EQ ! "L" is 1 to 12
yes? SET VARI ABLE/ TI TLE="Mont h of warnmest SST" integrand

yes? SHADE/ L=1: 12/ PAL=i nver se_grayscal e i nt egrand[ L=@GUM

Example5: values of variable at depths of a second variable:

Suppose | have V1(x,y,z) and MY _ZEES(x,y), and | want to find the values of V1 at depths
MY _ZEES. The following will do that using @WEQ:

yes? LET zero_at _ny_zees = Z[ g=vl]-ny_zees
yes? LET kernel = zero_at_ny_zees[ Z=@\EQ 0]
yes? LET integrand = kernel *vl

yes? LET vl _on_ny_zees = integrand] Z=@UM

Ch3 Sec2.4.28. @I TP—interpolate

The @I TP transformation provides the same linear interpolation calculation that is turned on
modally with SET MODE INTERPOLATE but with a higher level of control, as @I TP can be
applied selectively to each axis. @I TP may be applied only to point locations along an axis. The
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result isthe linear interpolation based on the adjoining values. Interpolation can be applied on an
axis by axis and variable by variable basis like any other transformation. To apply interpolation
use the transformation " @I TP" in the same way as, say, @SBX, specifying the desired location to
which to interpolate. For example, on a Z axis with grid points at Z=10and Z=20 the syntax
my_var[Z=14@I TP] would interpolate to Z=14 with the computation

0.6*my_var[Z=10]+0.4*my_var[Z=20].

The example which follows illustrates the interpolation control that is possible using @I TP:

SET DATA coads_cl i nat ol ogy

I with nodal interpolation

SET MODE | NTERPOLATE

LI ST/ L=1/ X=180/ Y=0 sst I interpolates both lat and | ong
SEA SURFACE TEMPERATURE (Deg O
LONG TUDE: 180E (i nterpol at ed)
LATI TUDE: O (i nterpolated)

TI ME: 16- JAN 06: 00
DATA SET: /hone/ja9/tmap/fer_dsets/descr/coads_climatol ogy. des
28. 36

I with no interpolation

CANCEL MODE | NTERPOLATE

LI ST/ L=1/ X=180/ Y=0 sst I gives value at 179E, 1S
SEA SURFACE TEMPERATURE (Deg O
LONG TUDE: 179E
LATI TUDE: 1S

TI ME: 16- JAN 06: 00
DATA SET: /hone/ja9/tmap/fer_dsets/descr/coads_climatol ogy. des
28. 20

I using @TP to interpolate in |ongitude, only

LI ST/ L=1/Y=0 sst[ X=180@TP] ! latitude remains 1S
SEA SURFACE TEMPERATURE (Deg Q)
LONG TUDE: 180E (i nterpol at ed)

LATI TUDE: 1S

TI ME: 16- JAN 06: 00

DATA SET: /hone/ja9/tmap/ fer_dsets/descr/coads_cli matol ogy. des
28.53

See General Information (p 97) for important details about this transformation.

Ch3 Sec2.4.29. @CDA—closest distance above



The transformation @CDA will compute at each grid point how far it is to the closest valid point
above this coordinate position on the indicated axis. The distance will be reported in the units of
the axis. If agiven grid point is valid (not missing) then the result of @CDA for that point will be
0.0. See the example for @CDB below. The result's units are now axis units, e.g., degrees of
longitude to the next valid point above. See General Information (p 97) for important details about

this transformation, and see the example under @CDB below (p 113).

Ch3 Sec2.4.30. @CDB—closest distance below

The transformation @CDB will compute at each grid point how far it is to the closest valid point
below this coordinate position on the indicated axis. The distance will be reported in the units of
the axis. If agiven grid point isvalid (not missing) then the result of @CDB for that point will be
0.0. The result's units are now axis units, e.g., degrees of longitude to the next valid point below.
See General Information (p 97) for important details about this transformation.

Example:

yes? USE coads_cl i mat ol ogy
yes? SET REGQ ON x=125w. 109w y=55s/| =1
yes? LI ST sst, sst[x=@da], sst[x=@db] I results bel ow

Colum 1: SST is SEA SURFACE TEMPERATURE (Deg C)

Col um 2: SST[ X=@CDA: 1] i s SEA SURFACE TEMPERATURE (Deg C) (cl osest di st
above on X ...)

Col umm 3: SST[ X=@CDB: 1] i s SEA SURFACE TEMPERATURE (Deg C) (cl osest di st
below on X ...)

SST SST SST
125w / 108: 6.700 0. 000 0. 000
123w/ 109: 8. 000 2. 000
122w/ 110: Ce 6. 000 4.000
119w / 111: Ce 4.000 6. 000
117w [ 112: Ce 2. 000 8. 000
115w / 113: 7.800 0. 000 0. 000
113w/ 114: 7.800 0. 000 0. 000
111w/ 115: Ce 2. 000 2. 000
109w / 116: 8.300 0. 000 0. 000

Ch3 Sec2.4.31. @ClA—closest index above

The transformation @CIA will compute at each grid point how far it is to the closest valid point



above this coordinate position on the indicated axis. The distance will be reported in terms of the
number of points (distance in index space). If agiven grid point is valid (not missing) then the
result of @CIA for that point will be 0.0. See the example for @CIB below. The units of the result
are grid indices; integer number of grid units to the next valid point above. See General
Information (p 97) for important details about this transformation, and see the example under

@CIB below (p 114).

Ch3 Sec2.4.32. @CIB—closest index below

The transformation @CIB will compute at each grid point how far it isto the closest valid point
below this coordinate position on the indicated axis. The distance will be reported in terms of the
number of points (distance in index space). If agiven grid point isvalid (not missing) then the
result of @CIB for that point will be 0.0. The units of the result are grid indices, integer number of
grid unitsto the next valid point below. See General Information (p 97) for important details about

this transformation.

Example:

yes? USE coads_cl i mat ol ogy
yes? SET REG ON x=125w: 109w y=55s/| =1
yes? LI ST sst, sst[x=@ia], sst[x=@ib] I results bel ow

Colum 1: SST is SEA SURFACE TEMPERATURE (Deg O

Col um 2: SST[ X=@Cl A: 1] i s SEA SURFACE TEMPERATURE (Deg C) (cl osest di st
above on X ...)

Col um 3: SST[ X=@Cl B: 1] is SEA SURFACE TEMPERATURE (Deg C) (cl osest dist
bel ow on X ...)

SST SST SST
125w / 108: 6.700 0. 000 0. 000
123w/ 1009: 4.000 1. 000
122w/ 110: Ce 3. 000 2. 000
119w / 111: Cee 2. 000 3. 000
117w [ 112: Ce 1.000 4.000
115w / 113: 7.800 0. 000 0. 000
113w/ 114: 7.800 0. 000 0. 000
111w/ 115: Ce 1. 000 1. 000
109w / 116: 8.300 0. 000 0. 000

@EVNT--event mask

Thistransformation locates "events' in data. An event is the occurrence of a particular value. The
output steps up by avalue of 1 for each event, starting from avalue of zero. (If the variable takes
on exactly the value of the event trigger the +1 step occurs on that point. If it crossesthe value,



either ascending or descending, the step occurs on the first point after the crossing.)

For example, if you wanted to know the maximum value of the second wave, where (say) rising
above amagnitude of 0.1 in variable "ht" represented the onset of awave, then

yes? LET wave2 mask = IF ht[ T=@vnt:0.1] EQ 2 THEN 1

isamask for the second wave, only. The maximum waveheight may be found with

yes? LET wave2_ht = wave2_nask * ht
yes? LET wave2 _nmax_ht = wave2_ ht[ T=@max]

Note that @EVNT can be used together with @L OC and @WEQ to determine the location when
an event occurs and the value of other variables as the event occurs, respectively. Since there may

be missing valuesin the data, and since the instant at which the event occurs may lie immediately
before the step in value for the event mask, the following expression is a general solution.

yes? LET event _mask = ny_var[t=@vnt: <val ue>]
yes? LET event_n = | F ABS(M SSI N§ event nask[ L=@BX] , event _mask)-n) LE 0.67
THEN ny_var

So that

event _n[t=@Q.CC: <val ue>]

isthe time at which event "n" occurs, and
event _n[t=@\EQ <val ue>]

isthe integrating kernel (see @WEQ)

Ch3Sec2.5. IF-THEN logic (" masking")

Ferret expressions can contain embedded IF-THEN-EL SE logic. The syntax of the IF-THEN logic
issimply (by example)

LET a = IF al GT b THEN al ELSE a2

(read as"if al is greater than b then al else a2").

This syntax is especially useful in creating masks that can be used to perform calculations over



regions of arbitrary shape. For example, we can compute the average air-sea temperature
difference in regions of high wind speed using thislogic:

SET DATA coads_cl i mat ol ogy

SET REG ON X=100W 0/ Y=0: 80N T=15- JAN
LET fast wind = I F wspd GI' 10 THEN 1
LET tdiff = airt - sst

LET fast _tdiff = tdiff * fast_wi nd

We can also make compound |IF-THEN statements. The parentheses are included here for clarity,
but are not necessary.

LET a = IF (b GT ¢ AND b LT d) THEN e
LET a = IF (b GT ¢ OR b LT d) THEN e
LET a = IF (b GT ¢ AND b LT d) THEN e ELSE q

The user may find it clearer to think of thislogic as WHERE-THEN-EL SE to aviod confusion
with the IF used to control conditional execution of commands. Compound and multi-line I F-
THEN-EL SE constructs are not allowed in embedded logic.

Ch3 Sec2.6. Listsof constants (" constant arrays")

The syntax {vall, val2, val3} isaquick way to enter alist of constants. For example

yes? LIST {1,3,5}, {1,,5}
X: 0.5to 3.5
Colum 1. {1, 3,5}
Colum 2: {1,,5}
{1,3,5} {1,,5}
1 /1 1.000 1.000
2 | 2 3. 000
3 /I 3 5.000 5.000

Note that a constant variable is always an array oriented in the X direction To create a constant
aray oriented in, say, the Y direction use Y SEQUENCE

yes? STAT/ BRI EF YSEQUENCE({1, 3, 5})

Total # of data points: 3 (1*3*1*1)
# flagged as bad data: O



M ni mum val ue: 1
Maxi mum val ue: 5
Mean val ue: 3 (unwei ghted average)

Below are two examplesillustrating uses of constant arrays. (See the constant_array _demo journal
file)

Ex. 1) plot atriangle (Figure 3_7)

rulﬂw_w.m
T
A 1T I TR

H:0hte 35

{C1,0f

A T T T T T T T T T
oo .20 0,40 2,40 0B 1400
F.5.11

LET xtriangl e {0,.5, 1}
LET ytriangle = {0, 1, 0}
POLYGON LI NE=8 xtriangle, ytriangle, O

Or multiple triangles (Figure 3_8) See polymark.jnl regarding thisfigure
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Ex. 2) Sample Jan, June, and December from sst in coads_climatol ogy

yes? USE coads_cl i mat ol ogy
yes? LET my_sst_nonths = SAMPLEL(sst, {1,6,12})
yes? STAT/ BRI EF ny_sst_nont hs

Total # of data points: 48600 (180*90*1*3)
# flagged as bad data: 21831

M ni mum val ue: -2.6

Maxi mum val ue: 31. 637

Mean val ue: 17.571 (unwei ghted average)

Ch3 Sec3. EMBEDDED EXPRESSIONS

Ferret supports "immediate mode" mathematical expressions—that is, numerical expressions that
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may be embedded anywhere within acommand line. These expressions are evaluated immediately
by Ferret—before the command itself is parsed and executed. Immediate mode expressions are
enclosed in grave accents, the same syntax used by the Unix C shell. Prior to parsing and executing
the command Ferret will replace the full grave accent expression, including the accent marks, with
an ASCII string representing the numerical value. For example, if the given command is

CONTOUR/ Z="t enp[ X=180, Y=0, Z=@OC: 15] * sal t

Ferret will evaluate the expression "temp[X=180,Y=0,Z=@L OC:15]" (the depth of the 15-degree
isotherm at the equator/dateline—say, it is 234.5 meters). Ferret will generate and execute the
command

CONTOUR/ Z=234.5 salt
Embedded expressions:

Embedded expressions: the expression must evaluate to a single number, ascalar, or Ferret will
respond that the command contains an error. If the result isinvalid the numerical string will be
"bad" (see BAD= in following section, p. 120). Region qualifiers that begin a command containing
an embedded expression will be used in the evaluation of the expression. If multiple embedded
expressions are used in a single command they will be evaluated from left to right within the
command. This means that embedded expressions used to specify region information (e.g., the
above example) may influence the evaluation of other embedded expressions to the right. When
embedded expressions are used within commands that are arguments of a REPEAT command their
evaluation is deferred until the commands are actually executed. Thus the embedded expressions
are re-evaluated at each loop index of the REPEAT command. Grave accents have a higher
priority than any other syntax character. Thus grave accent expressions will be evaluated even if
they are enclosed within quotation marks, parentheses, square brackets, etc. Substitutions based on
dollar-signs (command script arguments and symbols) will be made before embedded expressions
are evaluated. A double grave accent will be translated to a single grave accent and not actually
evaluated. Thus double grave accents provide a mechanism to defer evaluation so that grave accent
expressions may be passed to the Unix command line with the SPAWN command or may be
passed as arguments to GO scripts (to be evaluated INSIDE the script). The state of MODE
VERIFY will determineif the evaluation of the embedded expression is echoed at the command
l[ine—similar to REPEAT loops.

The grave accent syntax may also be used to force immediate evaluation and substitution of a
string variable in acommand. Note that since region qualifiers that begin a command containing
an embedded expression are used in the evaluation of the expression, the string variable may not
contain aregion qualifier.

Ch3 Sec3.1. Special calculations using embedded expressions



By default Ferret formats the results of embedded expressions using 5 significant digits. If the
result of the expression isinvalid (e.g., 1/0) the result by default is the string "bad". Controls allow
you to specify the formatting of embedded expression resultsin both valid and invalid cases and to
guery the size and shape of the result.

The syntax to achieve this control is KEYWORD=VALUE pairsinside the grave accents,
following the expression and set off by commas. The recognized keywords are "BAD=",
"PRECISION=", and "RETURN=". Only the first character of the keyword is significant, so they
may be abbreviated as"B=", "P=", and "R=".

PRECISION=, BAD=, and RETURN= may be specified simultaneously, in any order, separated
by commas. If RETURN= isincluded, however, the other keywords will be ignored.

PRECISION=#digits

can be used to control the number of significant digits displayed, up to a maximum of 10 (actually
at most 7 digits are significant since Ferret calculations are performed in single precision). Ferret
will, however, truncate terminating zeros following the decimal place. Thus

SAY " 3/ 10, PRECI SI ON=7"

will result in

0.3
instead of 0.3000000.

If the value specified for #digitsis negative Ferret will interpret this as the desired number of
decimal places rather than the number of significant digits. Thus

SAY " 35501/ 100, P=-2"

will result in

355. 01
instead of 355.

In the case of a negative precision value, Ferret will again drop terminating zeros to the right of the
decimal point.

Note that the precision of the embedded expressionisused asthe command is parsed, and any



precision controlsin the rest of the command are applied later. So
LIST/PRECISION=10 "100000000 + 12345

will result in

W= ZW= set width and set zero-filled width.

Formatting immediate mode expressions may be done by specifying the width or zero-filled
width:

yes? SAY Answer: °5.3,w=8"
Answer : 5.3

yes? SAY Answer: °5.3,zw=8"
Answer: 000005. 3

BAD-=string

can be used to control the text which is produced when the result of the immediate mode
expression isinvalid. Thus

SAY "1/ 0, BAD=m ssi ng’
will result in

m ssi ng

or

SAY " 1/0, B=-999°

will result in

-999

RETURN=

The keyword RETURN= can reveal the size and shape of the result. RETURN= may take
arguments

. SHAPE
. ISTART, JSTART, KSTART, or LSTART
. |IEND, JEND, KEND, or LEND



. XSTART, YSTART, ZSTART, or TSTART
. XEND, YEND, ZEND, or TEND

. SIZE

. ISIZE, JSIZE, KSIZE, LSIZE

. BAD

. CALENDAR

. TO

. UNITS

. ITUNITS, JUNITS, KUNITS, LUNITS

. XUNITS, YUNITS, ZUNITS, TUNITS

. TITLE

. GRID

. IAXIS, JAXIS, KAXIS, or LAXIS

. XAXIS, YAXIS, ZAXIS, or TAXIS

. DSET, DSETNUM, DSETPATH, DSETTITLE
. NC_SCALE, NC_OFF

. USER_SCALE, USER OFF

The RETURN= option in immediate mode expressions does not actually compute the result unless
it must. For example, the expression

"sst, RETURN=TEND

will return the formatted coordinate for the last point on the T axis of variable sst without actually
reading or computing the values of sst. This allows Ferret scripts to be constructed so that they can
anticipate the size of variables and act accordingly.

Note that this does not apply to variable definitions which involve grid-changing variables that
return results on ABSTRACT axes. For those variables the size and shape of the result may depend
on data values, so the entire result must be computed in order to determine many of the return=
attributes

RETURN=SHAPE

Returns the 4-dimensional shape of the result—i.e., alist of those axes along which the result

comprises more than a single point. For example, a global sea surface temperature field at a
single point in time:

SAY " SST[ T=1- JAN- 1983] , RETURN=SHAPE

will result in

XY



See Symbol Substitutions in the chapter "Handling String Data”" (p. 217) for examples showing the
specia utility of this feature.

RETURN=SIZE
Returns the total number of pointsin the variable -- Nx* Ny*Nz* Nt
RETURN=ISTART (and similarly JISTART, KSTART, and LSTART)

Returns the starting index of the result along the indicated axis: I, J, K, or L. For example, if CAST
isavertical profile with points every 10 meters of depth starting at 10 meters then Z=100 isthe
10th vertical point, so

SAY " CAST[ Z=100: 200] , RETURN=KSTART"

will result in

10
RETURN=IEND (and similarly JEND, KEND, and LEND)

Returns the ending index of the result along the indicated axis: I, J, K, or L. In the example above

SAY " CAST[ Z=100: 200] , RETURN=KEND'

will result in

20

The size and shape information revealed by RESUL T=is useful in creating sophisticated scripts.
For example, these lines could be used to verify that the user has passed a 1-dimensional field as
the first argument to a script

LET nmy_expr = $1
DEFI NE SYMBOL SHAPE " ny_expr, RESULT=SHAPE'
QUERY/ | GNORE ( $SHAPE% X] Y| Z| T| <Expr essi on nust be 1-di nensi onal %

RETURN=XSTART (and similarly YSTART, ZSTART, and TSTART)

Returnsthe first grid point in the current region, in world coordinates. Note that the format of the
result can be controlled by setting or cancelling MODE LONG_LABEL for the X axis, MODE
LAT_LABEL for theY axis, or MODE CALENDAR for atime axis.



RETURN=XEND (and similarly YEND, ZEND, and TEND)
Returns the last grid point of specified world coordinate region, in world units.
RETURN=ISIZE (and similarly JSIZE, KSIZE, LSIZE
Returns the number of points along one axis, within the currently defined region.
RETURN=BAD
Returns the missing value flag from the expression
RETURN=TO
Returns the TO string from the time axis of the variable
RETURN=CALENDAR
Returns the calendar name from the time axis of the variable
RETURN=UNIT
Returns the units string from the variable
RETURN=XUNIT (and similarly YUNIT, ZUNIT, and TUNIT)
Returns the units string from the axis
RETURN=IUNIT (and similarly JUNIT, KUNIT, and LUNIT)
Returns the units string from the axis

Example:
yes? say sst, RETURN=UNI T

I-> MESSAGE/ CONTI NUE Deg C

yes? say ~sst, RETURN=TUNI T

I'-> MESSAGE/ CONTI NUE DAYS



RETURN=TITLE

Returnsthetitle of avariable

RETURN=GRID

Returns the grid name of avariable

RETURN=IAXIS (and similarly JAXIS, KAXIS, and LAXIS)

Returns the name of an axis on which the variable is defined.
RETURN=XAXIS (and similarly YAXIS, ZAXIS, and TAXIS)

Returns the name of an axis on which the variable is defined.
RETURN=DSET

Returns data set name. Thisisthe data set name without the file pathname.

Example:

yes? USE "/ hone/rmnb_dat/testfile.nc"
yes? SAY " sst, RETURN=dset "

I-> MESSAGE/ CONTI NUE testfile
testfile

RETURN=DSETNUM

Returns data set number from the expression.

yes? SAY " sst, RETURN=dset num
I-> MESSAGE/ CONTI NUE 1
1

RETURN=DSETPATH

Returns the path of the data set information from the expression. A leading slash on the pathname
can cause trouble when the result is parsed by Ferret. Putting the result in astring variable is one
way to deal with this.

yes? LET a = " sst, RETURN=dsetpath™"
I-> DEFINE VARI ABLE a = "/hone/rnb_dat/testfile.nc"



RETURN=DSETTITLE

Returns data set title from the expression, if it exists. Thisreturnsthetitlein a NetCDF file which
is specified asaglobal attribute :title= "Title text";

yes? LET a = " sst, RETURN=dsettitle "
I-> DEFI NE VARI ABLE a = "MERCATOR SECTION ATL Cul f Cadi z"

RETURN=NC_SCALE, NC_OFF

Returns the scale and offset that were defined by a NetCDF attribute for the variable. If the
stepfiles of amulti-file NetCDF file have different scale and offset values (see p. 267), these

commands return the latest values that were applied.
RETURN=USER_SCALE, USER_OFF

Returns the scale and offset that were set using a SET VARIABLE command with the /SCALE=
or /OFFSET qualifiers. (see p. 393)

Ch3 Sec4. DEFINING NEW VARIABLES

The ability to define new variables lies at the heart of the computational power that Ferret
provides. Complex analysesin Ferret generally proceed as hierarchies of simple variable
definitions. As a simple example, suppose we wish to calculate the root mean squared value of
variable, V, over 100 time steps. We could achieve this with the simple hierarchy of definitions:

LET v_rns = v_nean_sq ™ 0.5
LET v_nean_sq = v_squar ed[ L=@GAVE]
LET v_squared = v * v

SET VARI ABLE/ TI TLE="RMS V' v_rns

LI ST/L=1:100 v_rns

(l'isted output not included)

As the example shows, the variables can be defined in any order and without knowledgein
advance of the domain over which they will be evaluated. As variable definitions are given to
Ferret with the LET (alias for DEFINE VARIABLE) command the expressions are parsed but not
evaluated. Evaluation occurs only when an actual request for datais made. In the preceding
examplethisisthe point at which the LIST command is given. At that point Ferret uses the current
context (SET REGION and SET DATA_SET) and the command qualifiers (e.g., "L=1:100") to
determine the domain for evaluation. Ferret achieves great efficiency by evaluating only the



minimum subset of data required to satisfy the request.

One consequence of this approach is that definitions such as

LET a = a + 1 I nonsense

are nonsense within Ferret. The value(s) of variable "a' come into existence only asthey are called
for, thusit is nonsense for them to appear simultaneously on the left and right of an equal sign.

Variable names can be 1 to 24 characters in length and begin with aletter. See the command
reference DEFINE VARIABLE (p. 322) for the available qualifiers.

Ch3 Sec4.1. Global, local, and default variable definitions

All of the above definitions are examples of "global variable definitions." A global variable
definition appliesto al data sets. In the above example the expression "v_rmg[D=dset_1]" would
be based on the values and domain of the variable V from data set dset_1 and "v_rmg[D=dset_2]"
would similarly be drawn from data set dset_2. The domain of v_rms, its size, shape, and
resolution, will depend on the particular data set in which it is evaluated.

Although global variables are simple to use they can lead to ambiguities. Suppose, for example,
that data setsdset_1 and dset_2 contain the following variables:

Dset 1 dset 2

If we would like to compare speeds from the two data sets we might be tempted to define a new
variable, speed, as

LET speed = (u*u + v*v)”"0.5

In doing so, however, we create an ambiguity of interpretation for the expression
"speed[d=dset_1]".

To avoid this ambiguity we need to create a variable definition, "speed,” that islocal to data set
dset_2. The qualifier /D= used as follows

LET/ D=dset 2 speed = (u*u + v*v)~*0.5 I in dset_2, only

provides this capability. The use of /D=dset_2 indicates that this new definition of "speed" applies



only to data set dset_2.

A convenient shortcut is often to define a "default variable." A default variable is defined using the
/D qualifier with no argument

LET/ D speed = (u*u + v*v)~0.5 ! where "speed" doesn't already exist

As adefault variable "speed" is a definition that applies only to data sets that would otherwise not
posses a variable named speed. In thissenseit is afallback default.

Ch3 Sec5. DEBUGGING COMPLEX HIERARCHIES OF
EXPRESSIONS

A complex analysis generally proceeds within Ferret as a complex hierarchy of expressions:
variables defined in terms of other variables defined in terms of other variables, etc., often
containing many levels of transformation. When an error message such as "can only contour or
vector a 2D region” occurs it may appear difficult to locate the reason for this message.

A simple strategy to locate the source of such problemsisto use the command STAT which shows
the size and shape of variables and expressions (ssmply edit the offending command line, replacing
the PLOT, CONTOUR, VECTOR, etc. command with STAT and eliminating qualifiersif
necessary) and use SHOW VARIABLE to see the variable definitions. By repeatedly using STAT
to examine the component variables of definitions one can quickly locate the source of the
problem.

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 4: GRIDSAND REGIONS

Ch4 Secl. OVERVIEW

Information describing aregion in space/time, a data set, and agrid is collectively
referred to as the "context." The current context may be examined with the commands
SHOW DATA_SET, SHOW REGION, and SHOW GRID. The context may be set
explicitly with the commands SET DATA_SET, SET REGION, and SET GRID.

The context may be modified for the duration of a single command with qualifiersto the
command name (separated by slashes). The same qualifiersin square brackets may also
modify single variables, changing the context only of that variable:

yes? PLOT/ D=l evitus_climtology tenp, salt
yes? CONTOUR rose[ D=et 0p020]

yes? FILL/ Z=0 tenp[L=2] - tenp[L=1]

Ch4 Sec2. GRIDS

Every variable has an underlying grid which defines a coordinate space. All gridsarein
asense4 dimensiona (X, Y, Z, and T) but axes normal to the data are represented as
"normal” (such asthe Z axis of the surface wind stress).

Grids can be viewed, specified and created using SHOW GRID, SET GRID, DEFINE
AXIS, and DEFINE GRID. These commands are all in the Commands Reference

section of this manual. Data can be regridded by the G= modifier. (See this chapter,
section "Regridding,” p. 137)

Ch4 Sec2.1. Defining grids

Axes and grids can be explicitly created by DEFINE AXIS and DEFINE GRID.



NetCDF and TMAP-formatted data set variables have al of the necessary grid and axis
definitions embedded in the data set files, but if you are reading data from an ASCI|I or
binary file, you must tell Ferret about the underlying grid of your data.

If you are creating abstract expressions entirely from pseudo-variables, you may want to
define agrid in order to define the coordinate space of your calculation. Thiswill also
help produce a nicely labeled plot. (See the chapter "Variables and Expressions’, "Grids
and axes of pseudo-variables' (p. 60) and the example in the section on " Abstract

Variables," p. 63.)
Example

This example is taken from the demonstration script "file_reading_demo.jnl". An ASCI|I
file contains a grid of numbers, 50 rows by 6 columns. Suppose the data are on a 2D
grid of 6 longitudes by 50 latitudes (Figure 4 _1).
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yes? DEFI NE AXI S/ X=10E: 60E: 10/ UNI T=DEGREE x| ong

yes? DEFI NE AXI S/ Y=0: 49N: 1/ UNI T=DEGREE vyl at

yes? DEFI NE GRI D/ X=xI ong/ Y=yl at gsnoopy2d

I By default only 1 colum is read, /COLUWS= specifies 6 colums
yes? FI LE/ VAR=ny_2D var/ CO.=6/ GRI D=gsnoopy2d snoopy. dat

yes? CONTOUR ny_2D var
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Ch4 Sec2.2. Time axesand calendars

Data, particularly outputs from models, may be defined with time axes that are not on
the standard Gregorian calendar. The NetCDF conventions document discusses and
defines usage for different calendars. These conventions for calendars are implemented
in Ferret version 5.3 See:

http://www.cgd.ucar.edu/cms/eaton/cf-metadata/ CF-current.html

NetCDF conforms to the conventions in the UDUNITS software package

http://www.unidata.ucar.edu/packages/udunits

The concept of time units and formatted time needs some thought and explanation. The
possibility of using different calendar definitions also compilcates the question. Time
coordinates (seconds, days, years, etc) are used by the software for computation and
comparison. Formatted time (30-DEC-2003 00:00:00) is for the convenience of the
human user.

Time coordinates, given as so many units (seconds, days, years, etc) since areference
timeis generally impossible to comprehend at a glance. There has to be internal code to
convert to formatted time. Conversion between the time-since-reference form and
formatted time requires that we know the calendar. The calendar says how many days
there are in each month, and hence also implies the length of the year, which therefore
depends on the calendar.

The units second, minute, hour and day (24 hours) are aways the samein all calendars
we use for Earth and so the utilities can assume this. Models would expect to use these
units when they write out times in timesteps.

Conversion to units of time (year month day hour minute second) is also needed when
processing data to calculate means over months or other calendar-related intervals and
climatological statistics. For computation, comparisons, plotting and regridding, Ferret
makes the choice to adopt a common length of year for al calendars.


http://www.cgd.ucar.edu/cms/eaton/cf-metadata/CF-current.html#_TN_Ref_viewaxes_b
http://www.unidata.ucar.edu/packages/udunits/

The default calendar in Ferret is the Gregorian calendar. Thisisimplemented asa
"proleptic” calendar, where the definition of ayear is consistent throughout time and
does not have an offset in the 1500's as the historical calendars did. However, files

written using the NOAA/CDC standard for the "blended" Julian/Gregorian calendar are
read correctly by Ferret.

Other calendars may be defined using DEFINE AXISICALENDAR= or by reading a
variable with a calendar attribute from a NetCDF file (see p. 39). You can set the
calendar type in adescriptor file, with the D_CALTY PE attribute.

Example:

$BACKGROUND_RECORD

D TITLE ='Model Output, Daily Averages,
D TOTIME = '30-DEC-0000 00:00:00',
D TIME UNIT = 3600.,
D CALTYPE ='NOLEAP,
$END

The calendars that are defined for use in Ferret are

calendar name number of days/year notes
GREGORIAN or STANDARD  365.2425 default calendar
JULIAN 365.25 with leap years
NOLEAPor COMMON_YEAR 365 no leap years

360 DAY 360 each month is 30 days



Calendar names are matched using the first three characters.
Example:

Define a calendar axis and regrid an existing variable to this axis:

yes? DEFI NE AXI S/ CALENDAR=JULI AN/ T="15- JAN- 1982": " 15- DEC-
1985": 30/ UNI TS=days tnodel yes? LET tw nd = uwnd[ GT=t nodel @GNRST]

Regridding between different calendars is allowed using the transformations @L IN (the
default), @ASN, or @NRST. When regridding with @LIN from one calendar axisto
another the length of ayear is assumed to be constant, therefore the regridding
calculates a scale factor based on the length of a second in each calendar, computed
from the number of seconds per year for the calendars.

The analysis of multi-year daily datais often awkward, because the length of the year
changesfor leap years. The analysis can often be made simpler by regridding the data
to aNOLEAP calendar.

Ch4 Sec2.3. Dynamic grids and axes

The commands DEFINE AXI1S and DEFINE GRID, described in the preceding section,
should be used when the grid or axis will be referenced more than once and/or shared
among several variables. In many casesit is more convenient to use dynamic (a.k.a
"implicit") grids and axes. Two quick examples:

PLOT SI N( X[ X=0: 3. 14: . 1] )

— dynamically creates an axisfrom 0to 3.14 by 0.1

SHADE SST[ X=140E: 160W 5, D=coads_cl i mat ol ogy]



— dynamically creates a longitude axis extending from 140E to 160W by 5 degrees,
dynamically creates a grid which is like the grid upon which the variable SST is defined
but with the X axis replaced by the new dynamic axis, and automatically regridsto this
new grid.

Ch4 Sec2.3.1. Dynamic grids

It is often possible to avoid explicitly defining grids. Thisis useful in two common
situations:

. Situation 1
Regridding to specified axes without the need for defining the destination grid.

Syntax: G*=nane@ r ansf or m where

Example:

sst [ GX=x10deq]

Suppose the variable SST is defined on a 2x2 degree grid in latitude/longitude (e.g.,
SET DATA coads _climatology). If we wish to regrid to 10-degree spacing in longitude
over arange from 175W to 75W we could use the commands

DEFI NE AXI S/ X=175w:. 75w. 10/ UNI TS=degr ees x10deg
LET sst10 = sst[ GX=x10deg]

Several axes can be specified together when they are to be regridded similarly. For
example, instead of sst [ GX=x10deg, GY=y10deg] onecan usethe more concise
sst [ GXY=x10deq]

Similarly, av_sst [ G&Z=@AVE, GT=@AVE] can be condensed to
av_sst [ ZT=@AVE]



Ferret will dynamically create agrid equivalent to new_gridin

DEFI NE CGRI DJ LI KE=sst/ X=x10deg new gri d.

Figure 4_2 shows the effects of regridding the 2x2 degree COADS data to a 10-degree
spacing in longitude using (default) linear interpolation.
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The command SHOW GRID SST10 will show the dynamically created grid. The names
of dynamic grids and axes will always be displayed in parentheses.

Note that the transformation method to be used for regridding may also be specified, so
LET SST10 = SST[GX=x10deg@ave] would create a 10-degree spaced result in which
each grid point was computed as the weighted sum of the source points that fell within
itsgrid box. The default method for regridding is linear interpolation.

» Situation 2
Automatic reconciliation of incompatible grid shapes
Syntax: G=nanme@ r ansf or m

where
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name — The name of agrid or of another variable defined on the desired

grid
@transform — The (optional) name of aregridding transform
Example:
VARL[ g=VAR2]

If two variables are defined on grids that are mutually non-conformabl e because axes
exist in one grid but do not exist (are NORMAL) in another, Ferret will now create a
dynamic grid to resolve the non-conformabilities. This means that an expression of the
form VAR1[G=VAR2] will be meaningful aslong as the grid domains overlap.

For example, TEMP[d=levitus_climatology] is defined on an XY Z (time-independent)
grid whereas SST[d=coads _climatology] is defined on an XY T grid. So to evaluate the
expression SST[d=coads_climatology,G=TEMP[d=levitus climatology]] Ferret will
create a dynamic intermediate grid equivalent to

DEFI NE CGRI D) LI KE=sst [ D=coads_cl i mat ol ogy] / X=t enp/ Y=t enp

so that regridding occurs on the X and Y axes but the original grid structureis
maintained with respect to depth and time.

The command SHOW GRID will reveal the resulting dynamically created grid
structure.

Ch4 Sec2.3.2. Dynamic axes

The syntax "GX=lo:hi:delta" can be used in square brackets modifying a variable name
to indicate the dynamic creation of an axis with the indicated range and spacing and the
immediate regridding of the variable to a grid containing that axis. For example,

SST[GX=175W:75W:10] will create adynamic axis of 10-degree regular point spacing,



will create adynamic grid incorporating this axis (see previous section), and will regrid
the variable SST to thisgrid.

Similarly, by referring to the grid indices rather than their world coordinates, the
expression SST[GX=1:100:5] will create adynamic axis that subsamples every 5th
longitude point from SST. In this case the points of the resulting axis may be irregularly
spaced if the points of the original axiswere also irregular.

As with the dynamic regridding described above, transformations can be specified to
indicate the regridding technique. Thus SST[GX=1:100:5@AVE] will use averaging
instead of the default linear interpolation to perform the regridding.

Asanotational convenience the"G" may be dropped when referring to dynamic axes.
Thus SST[X=175W:75W:10] is equivalent to SST[GX=175W:75W:10] and
SST[1=1:100:5@AVE] is equivalent to SST[GX=1:100:5@AVE]. When using this
notational convenience keep in mind that a regridding is taking place, so the
transformation applied (if any) must be aregridding transformation (see SHOW
TRANSFORMS in the command reference section, p. 410).

The lower plot of Figure 4 2 illustrates the effect of dynamic axesin the command

SHADE SST[ GX=175W 75W 10]

Ch4 Sec2.3.3. Dynamic pseudo-variables

The same notation used for dynamic axes may also be applied to pseudo-variables
providing a simple means for creating arrays of values. For example, X[GX=0.2:1.0.2]
isavector of 5 pointsfrom 0.2 to 1 at aregular spacing of 0.2 units. The vector is
oriented in the X direction.

An example of using such avector is (Figure4 _3)

PLOT SI N( X[ GX=0: 3. 14: . 1])



ST EI=(:3 14 .17}

Note that when the lo:high:delta notation is applied to T or L expressed as calendar
dates the units of the delta value will be hours. For example, L[GT=1-jan-1980:1-feb-
1980:24] isthe integers 1 to 32 defined on an axis of 32 days, 24 hours apart.

Asanotational convenience the"G" may be dropped when referring to dynamic pseudo-
variables. Thus X[X=0.2:1:0.2] is equivalent to X[GX=0.2:1:0.2].

See also the discussion of grids for pseudo-variablesin section 3.1.3, p. 60.

Ch4 Sec2.4. Regridding
Syntax:
var [ G=nane] for (default) linear interpolation to new grid
or
var[ Gcnane@rn] toregrid all axes using transform "trn" (see below)

or

var [ G=nane, GX=@RN, GY=@'RN, . .. ] tocontrol regridding transformations
along each axis separately

where
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var Is the name of the variable to be regridded (e.g., temp, u, tau, ...)

name isthe name of avariable (e.g., temp[G=u]) or the name of agrid (e.g.,
temp[ G=gu01])

trn Isthe name of a special transformation (e.g., @AVE, @ASN, @LIN)

The syntax var [ G=nane, GX=@'RN, GY=@'RN, . . . ] can be compressed when
specifying that several axes are to be regridded similarly. For example, instead of
var [ GX=sst, GY=SST]
one can now use the more concise
var [ GXY=sst |

Similarly, if using aregridding transformation,
var [ &Z=@AVE, GI=@AVE]

can be condensed to
var [ &ZT=@AVE]

Note that in Ferret Version 5 and after when the limits of avariable are unspecified

v2[g=v1] will default to the full extent of the v1 grid. Previoudy, it would become the
size of whatever region of the v2 native grid overlapped with the v1 grid.

The Ferret distribution provides a demonstration of many regridding techniques:

yes? GO regriddi ng_deno

Regridding is essential for algebraic operations that combine variables on incompatible
grids. Ferret provides the commands DEFINE AX1S and DEFINE GRID to assist with
the creation of arbitrary grids.

The result grid of aregridding operation does not necessarily match exactly the
destination grid requested. For example, suppose the native grid of variable TEMP3D



(Ocean Temperature) is 1 degree resolution in X and Y and 50 meter spacing in Z. If the
syntax "[G=sst]" is used to request regridding to the grid of variable SST (Sea Surface
Temperature), which is 2 degree resolution in X and Y, but normal to Z, then the
resulting grid will be generated dynamically— inheriting X and Y axes from SST as
requested, but retaining the Z axis of TEMP3D.

Examples

1) Suppose the variables u and temp are on staggered X, Y, and Z axes but share the
same T axis. Then the two variables can be multiplied together on the axes (grid) of the
u variable as follows:

yes? CONTOUR u * tenp[ G=u]

Thiswill regrid temp onto the u grid by multi-axis linear interpolation before
performing the multiplication.

2) Two variables, vl and v2, are defined on distinct 4-dimensional grids (X, Y, Z, and
T axes). The T axes of thetwo grids areidentical but the X, Y, and Z axes all differ
between the two variables. (Thisis often the case in numerical model outputs.)

To obtain the variable v1 onits original Z (depth) locations but regridded in the XY
plane to the grid locations of the variable v2, define anew grid (say, named "new_grid")
that hasthe X and Y axes of v2 but the Z axis of v1.

yes? DEFINE GRI D/ LI KE=v2/ Z=v1l new grid Idefine new grid
yes? LI ST/ X=160E: 140W Y=5S: 5N v1[ G=new grid] !request regridding

3) Inthisexample we look at temperature data from two data sets.
levitus_climatology, an annual climatology, has the variable "temp" on an XY Z grid
whichis 1x1 degreein XY, and coads_climatology, a monthly climatology, has the
variable "sst" on an XY T grid which is 2x2 degreesin XY . Suppose we wish to look at
the sea surface temperatures in January at the higher XY resolution of the Levitus data



yes? SET DATA levitus_cli matol ogy

yes? SET DATA coads_cl i mat ol ogy

yes? SET REQ OV L=1/2Z=0

yes? !get the nanme of the grid on which tenp is defined

yes? SHOWGRID tenp[ D=l evitus_climatology] ! — "Gevitrl"
yes? DEFINE CGRI D/ X=gl evitr1/ Y=gl evitrl/Z=sst/L=sst gl evitus_xy
yes? LI ST/ X=150E: 155E/ Y=0: 5N sst [ G=gl evi t us_xy]

Ch4 Sec2.4.1. Regridding transformations

Ferret supports several regridding transformations. Use the SHOW
TRANSFORMATIONS command to obtain alist of the supported transformations
from Ferret. The choice of regridding transformation determines the computation by
which data from the source grid determine the values on the destination grid.

Regridding transformations provide a means to perform a given calculation over a
limited span of coordinates and repeat that calculation for a series of contiguous spans.
For example, if we wish to compute the variance of the variable SST over 10-degree
longitude range from 180 to 170W we could use the syntax

sst[ X=180: 170w@/AR] . Now, if we wish to perform the same operation 10 timesin
10-degree wide bands from 180 to 80W we could instead use G=@/AR regridding asin
(see Dynamic Grids, p. 132, for an explanation of the "GX=" syntax):

DEFI NE AXI S/ X=175w. 85w. 10/ UNI TS=degr ees x10deg
LET sst10 = sst[ GX=x10deg@AR]

The regridding transformations are:
@LIN—Iinear interpolation (the default if no transform is specified)

Performs regridding by multi-axis linear interpolation.

@AV E—averaging



Computes the length-weighted average of all points on the source grid that lie partly or
completely within each grid cell of the destination grid.

Note: When @AVE is applied ssmultaneoudly to the X and Y axes, where X and Y are
longitude and | atitude, respectively, an area-weighted average (weighted by
cos(latitude)) isused. The @AV E transformation is unique in this respect. In multiple
axis applications other than X and Y @AV E will be applied sequentially to the axes,
computing the "average of the average.” This may not be the desired weighting scheme
in some cases. See @V AR below for an example.

@A SN—(blind) association

Associates by subscript (blindly) the points from the source grid onto destination
coordinates.

@VAR

Computes the variance of the points from the source grid that fall within each
destination grid cell. Thisis alength-weighted computation like the @AV E
transformation.

Note: Thistransformation is suitable for regridding only in asingle axis. When applied
simultaneously to two axes, for example, it will compute the variance of the variance.
For example, V[gx=130E:80W:10@V AR, gy=205:20W:10@VAR] isequivaent to
tmp[X=130E:80W:10@VAR] where tmp=V[y=20S:20N:10@VAR].

@NGD

Compute the number of points from the source grid that fall within each destination grid
cell. Note that the results of this calculation need not be integers—thisis alength-
weighted computation like the @AV E transformation. It iscommon for agrid cell on
the source grid to span the boundary between grid cells on the destination grid, thereby
contributing a fraction of its weight to multiple destination grid cells.

Note: Thistransformation is suitable only for regridding on a single axis. When applied
simultaneously to two axes, for example, it will compute a constant. See @V AR for an
example.

@NRST



Nearest coordinate regridding VAR[GX=newaxisS@NRST] chooses the value from the
source axis coordinate closest to the destination axis. If source coordinates above and
below are equally close to a destination coordinate the value at the lower coordinate
will be chosen. (Thisis most useful for regridding between axes whose coordinate
values are very close, though not exactly matched -- e.g. between equally and unequally
spaced monthly time axes.)

@SUM

Computes the length-weighted sum of the points from the source grid that fall within
each destination grid cell. Thisis alength-weighted computation like the @AVE
transformation.

@MIN

Finds the minimum value of those points from the source grid that lie within each
destination grid cell. Note that thisis NOT a weighted calculation; the destination grid
cell that "owns' a source point is determined entirely from the coordinate location of the
source point, not from the limits of the source grid cell.

(Asof Ferret V5.1) If apoint on the source axis lies exactly on the boundary between
grid cells on the destination axis it will be included in the calculations for the higher
indexed cell on the destination axis. If a point on the source axis lies exactly on the
upper cell boundary of the highest point on the destination axis, then it will be included
in the calculations for that highest destination grid cell.

If you have data on a single point axis and you wish to embed it in alarger axis range
you can achieve this by using either the G=@MIN or G=@MAX. For example,

yes? define axi s/ x=163e/ npoi nts=1 x1pt
yes? let var_1pt = randu(x[gx=xlpt]) I a random val ue at a single
coordi nate
yes? list var_1pt
RANDU( X[ GX=X1PT] )
LONG TUDE: 163E

0.4914
yes? define axis/x=161le: 165e:1 x5pt
yes? list var_1pt[gx=x5pt @rax] I sane val ue enbedded within 5
poi nt axis

RANDU( X[ GX=X1PT] )



regrid: 1 deg on X@MKAX

161E / 1:

162E /[ 2: Ce
163E  / 3: 0.4914
164E /| 4:

165E /[ 5:

@MAX

Finds the maximum value of those points from the source grid that lie within each
destination grid cell. Note that thisis NOT a weighted calculation; the destination grid
cell that "owns" a source point is determined entirely from the coordinate location of the
source point, not from the limits of the source grid cell..

(Asof Ferret V5.1) If apoint on the source axis lies exactly on the boundary between
grid cells on the destination axis it will be included in the calculations for the higher
indexed cell on the destination axis. If a point on the source axis lies exactly on the
upper cell boundary of the highest point on the destination axis, then it will be included
in the calculations for that highest destination grid cell.

The @MAX transformation is useful as a mechanism to perform regridding between
two axes that do not quite match. A common example would be to regrid between two
monthly axes one of which has points |ocated at the 15th of each month and the other
having points exactly at mid-month. These Ferret commands illustrate the example
using a 5-month axisin 1993:

I define axes for 15th of nonth and m d-nonth

yes? DEFINE AXI S/ UNI T=DAYS/ TO=1- JAN- 1900 nonth_15 =
DAYS1900( 1993, I [11: 5], 15)

yes? DEFI NE AXI S/ UNI T=DAYS/ TO=1- JAN- 1900/ EDGES nmonth_m d =
DAYS1900(1993,I[I1=1:6], 1)
yes? let ny_var = L[gt=nonth_15
yes? list ny_var
L[ GT=MONTH_15]

15-JAN-1993 00 / 1: 1.000
15- FEB- 1993 00 / 2: 2.000
15- MAR- 1993 00 / 3: 3.000



15- APR-1993 00 / 4: 4.000
15- MAY- 1993 00 / 5: 5.000

yes? list ny_var[gt=nonth_m d]
L[ GT=MONTH_15]

regrid: on T
16-JAN-1993 12 / 1: 1.048
15-FEB-1993 00 / 2: 2.000
16- MAR- 1993 12 / 3: 3.048
16- APR-1993 00 / 4: 4.033
5:

16- MAY-1993 12 / I unable to interpol ate

yes? list ny_var[gt=nonth_m d@max]
L[ GT=MONTH_15]
regrid: on T@/MAX

16-JAN-1993 12 / 1: 1.000
15- FEB- 1993 00 / 2: 2.000
16- MVAR- 1993 12 / 3: 3.000
16- APR- 1993 00 / 4: 4.000
16- MAY-1993 12 / 5: 5.000

@XACT

Regridding with G=@XACT (or GX=@XACT, etc.) isarequest to transfer values from
asource grid to adestination grid only at those positions where there is an exact
coordinate match between the source and destination axis points on the axis in question.
Other destination points will be set to "missing". This transformation is especially useful
for taking multiple in-situ data profiles, such as oceanographic cast data, and regridding
them onto aregular (sparse) grid. For example: grep

yes? LET xcoarse = sin(x[x=0:20:10])
yes? LI ST xcoarse
SI N( X[ X=0: 20: 10])
/ 1: 0.0000
0/ 2: -0.5440
20 / 3: 0.9129
yes? DEFI NE AXI S/ X=0: 20: 5 xfine

0
1



yes? LI ST xcoar se[ gx=xfi ne@KACT]
SI N( X[ X=0: 20: 10])
regrid: 5 delta on X@XACT

0 /[ 1: 0. 0000
5 [ 2:

10 !/ 3: 0. 5440
15 | 4: .

20 / b 0.9129

@MOD

Creates climatol ogies from time series by regridding to a time series axis with amodulo
regridding transformation. See the section on Modulo Regridding (p. 143) for details.

Examples

1) Letvariabletemp be defined on a grid with points spaced regularly at 1-degree
intervals in both longitude and latitude (X and Y). Let grid "g10" possess points spaced
regularly at 10-degreeintervalsin both X and Y.

yes? PLOT tenp[ G=g10] I uses linear interpolation (@QIN)
yes? PLOT tenp[ G=gl0@AVE] I area-averages 10x10 degrees of
sour ce\

points into each destination point.
yes? PLOT tenp[ G=g10, GX=@GAVE] I averages 10 degrees of | ongitude
but\

interpolates (@QIN) in Y.

2) @ASN hasthe effect of bypassing Ferret's protections against misrepresenting data
(Figure 4 4).



yes? SET DATA | evitus_cli mat ol ogy

yes? SET REGQ ON X=180/ Y=0 I true profile

yes? PLOT/ Z=0: 5000 tenp

yes? DEFI NE AXI S/ DEPTH /Z=100: 2000: 100 zfal se

yes? DEFINE GRI D/ LI KE=tenp /Z=zfal se gfalse I false profile
yes? PLOT/ Z=0: 5000/ OVER t enp[ G=gf al se @ASN|

Ch4 Sec2.5. Modulo regridding

Ferret can create climatologies from time series ssimply by regridding to a climatological
axis with amodulo regridding transformation. For example, if the axis named
month_reg is a 12-point monthly climatological (modulo) axis then the expression

LET sst_climtol ogy = sst[ D=coads, GT=nont h_r eg@/OD]

isa 12-month climatology computed by averaging the full time domain of the input
variable (576 points for coads) modulo fashion into the 12 points of the climatol ogical
axis.

Ferret has three pre-defined climatological axes. seasonal_reg (Feb, May, Aug, Nov),
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month_reg (middle of every month), and month_irreg (15th of every month). In
addition, thereis an FAQ that describes how to create a daily climatological series, How

do | compute adaily climatology for atime series? The analysis of multi-year daily data

Is often awkward, because the length of the year changes for leap years. The analysis
can often be made simpler by regridding the datato a NOLEAP calendar.

yes? USE cli matol ogi cal _axes
*** NOTE: regarding ... climatol ogical axes. cdf
*** NOTE: O imatol ogi cal axes SEASONAL REG MONTH REG, and
MONTH_| RREG
defi ned
yes? CANCEL DATA climatol ogical _axes ! the axes are still defined

To generate a climatology based on arestricted range of input data simply define an
intermediate variable with the desired points. For example, a monthly climatological
time series based on data from the 1960s could be computed using

LET sst _1960s = sst[ D=coads, T=1-j an- 1960: 31- dec- 1969]
PLOT sst_1960s[ GT=nont h_r eg@/D]

In asimilar fashion intermediate variables can be defined that mask out certain input
points.

This example shows the entire sequence necessary to generate a plot of climatological
SST at 40N, 40W based on the January 1982 to December 1992 Fleet Numerical wind
dataset. (Figure4 5).


http://ferret.pmel.noaa.gov/Ferret/FAQ/analysis/daily_climatology.html
http://ferret.pmel.noaa.gov/Ferret/FAQ/analysis/daily_climatology.html
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I use the predefined climtol ogi cal axes
USE cl i mat ol ogi cal _axes
CANCEL DATA cli mat ol ogi cal _axes

I use the Fl eet Numerical w nds
SET DATA nont hly_navy_w nds

I plot the raw data (top figure)
SET REG QN X=40w Y=40n
pl ot uwnd

I plot the 12 nonth clinmatol ogy (mddle figure)
LET uwnd_clim = uwnd[ GT=nont h_r eg@/OD]
PLOT uwnd_clim

I since uwnd climis on a climtol ogical axis
I Ferret can also plot it on the calendar axis with the raw data
PLOT/ T=16-j an- 1982: 17-dec-1992 uwnd, uwmnd_clim

In many cases the volume of input data needed to perform climatological calculationsis
very large. In the example above the command

CONTOUR/ X=0: 360/ Y=90s: 90n sst _cl i mat ol ogy[ L=1]

to plot January from the climatology would require Nx* Ny* Nt=72* 72*576=3
Megawords of data. Such calculations may be too large to fit into memory. However, if
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the region isfully specified (as shown for the X and Y limitsin the example) Ferret's
internal memory manager will break up the calculation as needed to produce the result.
(See Memory Use in the chapter "Computing Environment”, p. 237, for further details.)

Unlike other transformations and regridding, modulo regridding is performed as an
unweighted average: each non-missing source point contributes 100% of its weight to
the destination grid box within which it falls. If the source and destination axes are not
properly aligned this can lead to apparent shiftsin the data. For example, if a monthly
time series has data points at the first of each month and a climatological axisis defined
at midmonths, then unweighted modulo averaging will lead to an apparent 1/2-month
shift. To avoid situations of thistype simply regrid to the climatological axis using
linear interpolation prior to the modulo regridding.

Hereis an example that illustrates the situation and the use of linear interpolation to
repair it. (Figure4_6).
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I define test _var, an illustrative variable with 1 year periodicity

I Note: test _var points are at the **begi nnings** of nonths

DEFI NE AXI S/ T=1-j an-1970: 1-j an- 1974: " 365. 25/ 12"/ UNI TS=days t 10years
DEFI NE CGRI D/ T=t 10years gg

LET test_var = SIN(L[G=gg]*2*3. 14/12)

I plot 4 years of the cycle
PLOT test_var
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I define climatol ogi cal axes at the m dpoints of nonths
USE cl i mat ol ogi cal _axes
CANC DATA cl i mat ol ogi cal _axes

I notice that nodul o regridding appears to shift the data
I (due to ms-aligned source and destination axes) (top figure)
PLOT/ OVER/ T=1-j an- 1970: 1-j an- 1974 test_var[ GT=nont h_r eg@/OD]

I to avoid the shift we can first regrid test_var to md-nonth
I points using linear interpolation (the default regriddi ng nethod)
I notice that the function test _var is largely unchanged by this

LET test_var_centered = test_var[ GI=nont h_r eg]
PLOT/ OVER/ T=1-j an-1970: 1-j an- 1974 test _var_centered

I finally performa nodulo regridding on well-aligned data
I notice that the shift is gone (bottomfigure)
PLOT/ OVER/ T=1-j an-1970: 1-j an- 1974 test _var_cent er ed[ GT=nont h_r eg]

Ch4 Sec2.5.1. Moduloregridding statistics

In addition to the modul o averaging calculation performed by @M OD Ferret provides
other statistics of the regridding. All modulo regridding cal culations are unweighted as
discussed under @M OD.

@MODVAR

the variance of source points within each destination grid box (SUM (var-varbar)*2)/(n-

1))

@MODSUM

the sum of the source points within each destination grid box
@MODNGD

the number of source points contributing to each destination grid box

@MODMIN



the minimum value of the source points contributing to each destination grid box
@MODMAX

the maximum value of the source points contributing to each destination grid box

Ch4 Sec3. REGIONS

The region in space and time where expressions are evaluated may be specifiedin 3
different ways:

1) with the command SET REGION
2) with qualifiers to the command name (slash-delimited)
3) with qualifiers to variable names (in square brackets, comma-delimited)

If SET REGION is used, Ferret remembers the region as the default context for future
commands, whereas a qualifier to acommand name specifies the region for that
command only, and aqualifier to a variable name specifies the region for that variable
and command only.

Regions may be manipulated using DEFINE REGION, SET REGION, @ notation, and
CANCEL REGION. The Commands Reference section of this manual coversall of
these topics.

Region information is normally specified in the following form:

QUAL=val or

QUAL=l o_val : hi _val or

QUAL=val @r ansf or m (asavariable qualifier only) or

QUAL=I o_val : hi _val @r ansf or m (asavariable qualifier only)

When the region for an axisis specified as a single value (instead of arange) Ferret, by
default, selects the grid point of the grid box containing this value. The Ferret mode



"interpolate" can control this behavior. See command SET MODE INTERPOLATE in
Commands Reference, p. 384.

Examples. Regions
Examples of valid region specifications.

1) Fully specify theregion inan XY plane with the first vertical (Z) level and time
27739.

yes? SET REQ ON X=140E: 160W Y=10S: 20N K=1/ T=27739

2) Contour vertical heat advection within whatever region is the current default
(previously set with SET REGION).

yes? CONTOUR gadz

3) Define, modify and set a named region and then modify with delta notation.

yes? DEFI NE/ REG OV Y=5S: 5N YT I'define region YT to be 5S:5N
yes? DEFI NE REG OV DY=-1:+1 YT I'nmodify region YT to be 6S: 6N
yes? SET REG OV @'T I'set current region to YT
yes? SET REG OV DY=-1: +1 'nodify current region to

7S: 7N

4) List meridional currents calculated by averaging values between the surface and a
depth of 50 m.

yes? LI ST v[ Z=0: 50@AVE]

5 Equivdenttov[ Z=10] - v[Z=0: 100@AVE] , the anomaly at z=10 between v
and the 0 to 100 meter depth average of v.

yes? LI ST/ Z=10 v - v[Z=0: 100@\VE]

Ch4 Sec3.1. Latitude



Specify latitude or alatitude range with the qualifier Y or J. Specificationsusing Jare
integers between 1 and the number of pointsonthe Y axis. Specificationsusing Y arein
the units of the Y axis.

The units may be examined with SHOW GRID/Y. If the Y axis units are degrees of
latitude then the Y positions may be specified as numbers followed by the letters"N" or
"S'.

Examples

yes? CONTOUR tenp[ Y=15S: 10N]
yes? LI ST/ J=50 u

Ch4 Sec3.2. Longitude

Specify longitude or alongitude range with the qualifier X or |. Specificationsusing |
are integers between 1 and the number of points on the X axis. Specifications using X
arein the units of the X axis.

The units may be examined with SHOW GRID/X. If the units are degrees, then X
values may be given as numbers followed by "W" or "E" (e.g., 160E, 110.5W) or as
values between 0 and 360 with Greenwich at O increasing eastward. Note: If the X axis
Is"modulo” then it is sometimes desirable to use X greater than 360.

Examples

yes? CONTOUR tenp[Y=160E: 140W
yes? LIST/1=100 wu
yes? SHADE/ X=100:460 tenp 1360 degrees centered at 100W

See the chapter "Grids and Regins’, section "Modulo Axes' (p. 151), for help with globe-
encircling axes.



Ch4 Sec3.3. Depth

Specify depth or a depth range with the qualifier Z or K. Specificationsusing K are
integers between 1 and the number of points on the Z axis. Specificationsusing Z are in
the units of the Z axis.

The units may be examined with SHOW GRID/Z.

Examples

yes? CONTOUR tenp[ Z=0: 100]
yes? LI ST/ K=3 u

Ch4 Sec3.4. Time

Specify time or atime range with the qualifier T or L. Specificationsusing L are
integers between 1 and the number of points on the T axis. Specificationsusing T may
refer to calendar dates or to the time step units in which the time axis of the data set is
defined.

Caendar date/time values are entered in the format dd-mmm-yyyy:hh:mm:ss, for
example 14-FEB-1988:12:30:00. At a minimum the string must contain day, month, and
year. If the string contains any colons it must be enclosed in quotation marks to
differentiate from colons used to designate arange. If atime increment is specified with
the repeat command given in calendar format (e.g., REPEAT/T="1-JAN-1982":"15-
JAN-1982":6) it isinterpreted as hours always. Calendar dates in the years 0000 and
0001 are regarded as year-independent dates (suitable for climatological data). Ferret
cannot work with years larger than year 9999.

SHOW GRID/T can be used to display time step values. (Units may vary between data
sets.) The commands SET MODE CALENDAR and CANCEL MODE CALENDAR
can be used to view date strings or time steps, respectively.

Examples

yes? LI ST/ T="1-JAN-1982: 13: 50": " 15- FEB- 1982" density



yes? CONTOUR t enp[ T=27740: 30000]
yes? LI ST/L=90 u

See the section in this chapter on "Modulo Axes' (p. 151) for help with climatological
axes.

Ch4 Sec3.5. Ddlta

The notation g=lo:hi:delta (e.g., Y=20S:20N:5) specifies that the data in the requested
rangeis regularly subsampled at interval "delta.”

Thisnotation isvalid only for the REPEAT, SHOW GRID, and DEFINE AXIS
commands, and the qualifiers/HLIMITS and /VLIMITS used in action commands with
graphical output.

It can also be used in square brackets when specifying variable context:
yes? LI ST tenp[]=40: 90: 5]

(but thisisNOT alowed: LI ST/ L=40:90:5 tenp)

Ch4 Sec3.6. @ notation

Regions may be named and referred to using the syntax " @name". Some commonly
used regions are predefined. See commands SET REGION (p. 390) and DEFINE

REGION (p. 321) in the Commands Reference section for further information.

If aregion is specified using a combination of "@" notation and explicit axis limits the
explicit axis limits will be evaluated after the " @" specification, possibly superseding
the"@" limits.

Note: It isnot advised to use the @notation inside of variable definitions, as
redefinitions of the named region can cause code errors that lead to wrong results.



Using the @ notation only setg/alters the axis limits specified in the named region. For
example, suppose that region "XY" isdefined for the X and Y axes, but not for the Z
and T axes. Then

yes? SET REG OV @XY

modifiesonly X and Y limits. BUT,

yes? SET REGQ ON XY

modifies all axes—X and Y to the limits specified by XY, and Z and T to unspecified
(even if they were previously specified).

Examples

1) Contour the 25th time step of temperature data at depth 10 within region T, the
"Tropica Pacific."

yes? CONTOUR/ @/ Z=10/ L=25 tenp

2) Produce acontour plot over region W, the "Whole Pacific Ocean," in the XY plane
(the variable to be contoured as well as the depth and time will be inferred from the
current context).

yes? CONTOUR/ @V var 1

3) Setthedefault regionto "T", the Tropical Pacific Ocean (latitude 23.5S to 23.5N).

yes? SET REG OV @

4) Define aregion and then supersede with an axis limit specification.

yes? DEFI NE REA OV X=180: 140W Y=2S: 2N Z=5 BOX1
yes? SET REGQ ON @OX1/ zZ=15 l'repl ace Z

Pre-defined regions

As aconveniencein the analysis of the Tropical Pacific Ocean the following regions are
pre-defined:



Name Region L atitude Longitude

T Tropica Pacific 23.5S:23.5N 130E:70W
N Narrow Pacific 10.0S:10.0N 130E:70W
W Whole Pacific 30.0S:50.0N 130E:70W

These may be redefined by the user for the duration of a Ferret session or until the
definitions are canceled.

Ch4 Sec3.7. Modulo axes

Some axes are inherently "modulo," indicating that the axis wraps around—the first
point immediately following the last.

To determine if an axisis modulo use SHOW AXIS or SHOW GRID. A letter "m"
following the number of pointsin the axis indicates a modulo axis. The command
SHOW GRID qualified by the appropriate axis limits can be used to examine any part of
the axis—including points beyond the nominal length of the axis. The commands SET
AXIS/MODULO and CANCEL AXIS/MODULO can be used to control this feature on
an axis-by-axis basis. Starting with Ferret version5.5, longitude axes which span 360
degreesor less, and climatological time axes are always detected as modul o, unless
Ferret is specifically directed that the axisis NOT modulo, e.g. by a CANCEL
AXISIMODULO command.

Example

yes? SET DATA coads_cl i mat ol ogy

yes? SHOW GRI D/ | =180: 183 sst I'range request beyond | ast point
GRI D COADS1
name axi s # pts start end

COADSX LONG TUDE 180nT 21E 19E( 379)



[text om tted]
I X BOX _SI Z

180> 19E(379)

181> 21E(381)

182> 23E(383)

183> 25E(385)
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The most common uses of modulo axes are;

1) Aslongitude axesfor globe-encircling data sets. This allows any starting and any
ending longitudes to be used, for example, X=140E:140E indicates the entire earth with
data beginning and ending at 140E.

2) Astimeaxesfor climatological data. By this device the time axis appears to extend
from O to infinity and the climatological data can be referred to at any point in time. This
facilitates comparisons with data sets at fixed times.

Ch4 Sec3.7.1. Subspan M odulo Axes

Ferret V5.5 introduces the concept of a " sub-span modulo axis' -- an axis where the
range is a sub-range of afullmodulo cycle. As of V5.5, longitude axes and
climatological time axes are aways detected as modulo, or as sub-span modulo when
appropriate, unless Ferret is specifically directed that the axisis NOT modulo, e.g. by a
CANCEL AXISIMODULO command. If the user does not specify the modulo length,
it is set to 360 degrees for alongitude axis, or ayear for atime axis. Time axes of lenght
less than or equal to one year, and starting in year 0000 or 0001 are taken to be
climatological axes.

The modulo length of an axis defined on the Ferret command lineis set with an
argument to the MODUL O qualifier, or with an argument to the NetCDF modulo
attribute. Hereis an example showing an axis defined explicitly as a modulo axis, and
another which is modulo by default.

yes? DEFI NE AXI S/ MODULO=100/ x=41: 55: 1 xax_subspan
yes? DEFI NE AXI S/ X=100: 300: 10/ UNI TS=degr ees_| ongi t ude xax_I| onspan

The output of SHOW AXI S includes the modul o length and span of the axis:



yes? show axi s xax*

name axi s # pts start end
XAX_SUBSPAN 6nr 41 46
Axi s span (to cell edges) = 6 (nodulo | ength = 100)

XAX_LONSPAN LONG TUDE 21nr 100E 60W
Axi s span (to cell edges) 210 (nodul o I ength = 360)

In NetCDF output files you will now see the modul o attribute taking a value. Continuing
the example above, we write some variables using the axes to afile and use ncdump to
show the modulo attribute in these files.

yes? LET vl X[ GX=xax_subspan] +10

yes? LET v2 SI N( X[ GX=xax_| onspan] )

yes? SAVE/ FI LE=t est _subspan_nodul 0. nc v1, v2
yes? SPAWN ncdunp -c test_subspan_nodul o. nc

net cdf test_subspan_nodul o {
di mensi ons:

XAX_SUBSPAN = 15 ;
XAX_LONSPAN = 21 ;
vari abl es:

doubl e XAX_SUBSPAN( XAX_SUBSPAN)
XAX_SUBSPAN: nodul o = 100.
XAX_SUBSPAN:. poi nt _spaci ng = "even" ;
XAX_SUBSPAN: AXI S = " X"
float V1(XAX_SUBSPAN)
V1: m ssing_value = -1.e+34f ;
V1: FillValue = -1.e+34f ;
V1:1ong_nanme = "X GX=XAX_SUBSPAN] + 10" ;
doubl e XAX_LONSPAN( XAX_LONSPAN)
XAX_LONSPAN: units = "degrees_east" ;
XAX_LONSPAN: nodul o = 360.
XAX_LONSPAN: poi nt _spaci ng = "even" ;
XAX_LONSPAN: AXI S = "X ;
float V2( XAX_LONSPAN) ;
V2: m ssing_value = -1.e+34f ;
V2: FillValue = -1.e+34f ;
V2: 1 ong_nanme = "SI N( X[ GX=XAX_LONSPAN] ) " ;

/1 global attributes:
chistory = "FERRET V5.50 15-Jan-03" ;
dat a:

XAX _SUBSPAN = 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55 ;



XAX_LONSPAN = 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
210,
220, 230, 240, 250, 260, 270, 280, 290, 300 ,;

}

The importance of the sub-span modulo axes is to take the first of two steps that will
make it possible for users largely to ignore differences in encodings of longitude and
climatological time -- e.g. the blending of data in plots and analyses where the data
come from data sets that are encoded variously as-180:180, 0:360, etc. Thus, for
example, in V5.5 you can refer to my_subspan_var[g=another_var] and get a
meaningful answer aslong as the grids occupy the same region on the globe, regardiess
of longitude encoding. (The second step, for a future release, will address the longitude
encoding of scattered data.)

Example:

Suppose we have data on an axis that was defined as follows

yes? DEFI NE AXI S/ X=520: 550: 1/ UNI TS=degrees xax

and supposet we want to overlay it on a map showing the regional topography.



S,

[wTA SET: mbopalls

L4TTUoE

140"E 180" 141 o=y

Folisf Of the Surface of the Enrth [meters)

yes? USE et opo05

yes? SHOW GRI D rose I W will want the nanes of the axes

GRI D GZ1
name axi s # pts start end
ETOPQO5_X LONG TUDE 4320nT OE 0. 079987W
ETOPQO5_Y LATI TUDE 2161 r 90S 90N
nor mal Z
nor mal T

yes? SET REA ON W

yes? SHADE/ PAL=I| and_sea rose[ d=1] I draw t he shade pl ot

yes? USE ny_data. nc I The dataset containing the x=520: 550 data
yes? SHOW AXI' S xsub

name axi s # pts start end

XSuB LONG TUDE 31nr 160E(520) 170W 550)

Axi s span (to cell edges) = 31 (nmodulo I ength = 360)
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yes? SHADE/ OVER/ PAL=gr eyscal e a[ GX=et opo05_x, GY=et opo05_y]

Thereisan implied void point in a sub-span modulo axis that fills the gap between the
end of the axis and the start of the next modulo cycle. The data value at this point will
always be the missing value flag (except for pseudo-variables such as
"X[g=my_subspan_axis]"). Transformations such as smoothers do not operate across the
void point.

In NetCDF files, the modulo attribute is specified as follows:

1) Specify the modulo length of the axis with the attribute modulo = <value>, e.g.
var:modul 0=100;

2) Themodulo attribute from previous NetCDF files remains unchanged: modulo ="
". To set amodulo axis of standard length (360 degrees or one year). The modulo length
IS 360 degrees for alongitude axis, or one year for a climatological time axis.

3) The attribute value modulo = "FALSE", modulo = "NO", modulo="OFF" tells
Ferret that the axis is not to be treated as modulo

Ch4 Sec3.8. Region Conflicts

Conflicting region information can be given to Ferret in obvious ways such as

LI ST/1=1:3 I[I=1:10]

inwhichitisnot clear if the request isfor 10 points or for 3, or in subtler, disguised
ways such as

LET A = 1[1=1:10] LIST/I=1:3 A
In both examples Ferret would resolve the conflict by listing just the three values 1=1:3.

Internally, Ferret uses the region closest to the variable to perform the calculation.
Thus, in both of the examples above Ferret will perform the calculation on I=1:10, since
the "[1=1:10]" directly modifies the variable name. If Ferret sees conflicting regionsit



attempts to use the regions further from the variable to clip the calculation. Thus 10
points are clipped to 3 in the above examples.

Unresolvable conflicts such as

LI ST/1=11:13 I[1=1:10]

will result in a warning message that invalid limits have been ignored.

Ch4 Sec4. FERRET PROGRAM LIMITS

There are anumber of hard limitsin the Ferret code: the number of variables that may
be defined, the number of datasets open at atime, the length of certain strings, etc.
Some of these limits have been relaxed with successive Ferret versions as computing
resources have expanded. Here are the limits as of Ferret version 5.41.:

Parameter Name Vaue Description

memsize 6.4 Initial size of memory at startup, in Megawords. Y ou
can aways change the memory at startup with the -
memsize option (p. 6), or during a Ferret session with
the SET MEMORY command. SHOW MEMOR gives
the current size of the memory cache.

cmnd_buff _len 2048  Length of the command buffer. Y ou can make long
commands more readable using the continuation
character backslash \ (p. 14)

Number of 99 Maximum number of argumentsto a go script. Use the
arguments to go syntax ($nn) or $nn in the script. (p. 25)

scripts



L ength of arguments
to go scripts
maxvars

max_uvars

maxezvars

maxezfreefmtvars

maxdsets

maxstepfiles

s filename

length of variable
names

length of label text

511

2000

2000

100

20

100

5000

128

128

2048

Maximum length in characters of each argument to ago
script.

Maximum number of al variables defined by SET
DATA (including aliases USE and FILE)

Maximum number of all user-defined variables (LET
var =)

M aximum number of variables that can be read from a
single delimited ASCI| file, using SET
DATA/FORMAT=DELIMITED (p. 372)

Maximum number of variables that can be read in free
format from asingle ASCII file, e.g. in SET

DATA/EZ/VARIABLES="varl var2"
(p.375)

Maximum number of data sets simultaneously open (as
seen through SHOW DATA)

Maximum number of files with time step data. These
are read viadescriptor files (p. 37). Thisisalimit on the

cumulative sum of al filesin all open multi-file data
sets.

Maximum length of the filenames listed within
descriptor files (p. 266).

Maximum length of all variable names.

Maximum length of |abels.



max_grids 500

max_dyn_grids 1000

max_lines 1000
max_dyn_lines 1500
maxlinestore 250000

abstract_line_dim 20480

ef _max_args 9

Maximum number of static grids (grids defined by
DEFINE GRID).

Total number of gridsthat can be defined at any time,
static and dynamic. Dynamic grids are created by
opening data sets and by implicit regridding operations
such asstrides (e.g. var[i=1:100:10]), regridding
operations between grids of different dimensionality
(e.g. temp4d[g=sst]), and external functions that create
new grids (e.g. EOF_SPACE(A, F)) .

M aximum number of static axes. Static axes are axes
defined by DEFINE AXIS

Total number of axes, static and dynamic, thatcan be
defined. Dynamic axes are defined by opening data sets
and by implicit regridding operations such as strides
(e.g. var[i=1:100:10]), regridding operations between
grids or axes of different dimensionality (e.g.
temp4d[gx=sst]), and external functions that create new
grids (e.g. SAMPLEXY (sst, xpts, ypts))

Maximum number of coordinatesin all irregular axes.
Thisisthe sum of all the coordinates of irregular axes
currently defined viaopening files and DEFINE AXIS,
and includes storage for the edges of the grid cells
defined by these axes. Coordinate storage may be
recovered with the CANCEL A XIS command.

Dimension of the default abstract axis for reading
ASCII data (p. 46). To read larger amounts of data,

explicitly define an axis or grid.

Maximum number of arguments that may be passed to
an external function.



ef _max_work_arrays 9 Maximum number of work arrays defined by an
external function for use by that function.

spec_size 250 Maximum number of levelsin a spectrum, or palette
file (.SPK) (p. 184)

pattern_num 50 Maximum number of patterns defined in a pattern file
(.PAT) (p. 345)

year Y ears in dates may take values from 0000 to 9999

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 5: ANIMATIONSAND gif IMAGES

Ch5 Secl. OVERVIEW

There are two modes for animating in Ferret. One can animate "on the fly" in an
interactive sesion, or a sequence of Ferret plots can be stored and then animated. For
stored sequences of plots, each plot is stored as one frame in amoviefile. Ferret stores
movie frames in Hierarchical Data Format (HDF), aformat designed by the National
Center for Supercomputing Applications (NCSA). A movie file can then be displayed as
an animated sequence of frames with NCSA's xds—X Data Slice (not distributed with
Ferret; see the section in this chapter "Displaying an HDF movie" (p. 159), for details).

A series of gif images can also be animated, see Ch5 Secl.2 below.

Ch5 Secl.1. Animating on thefly

In a Ferret session, display an animation with the command,

yes? REPEAT/ ANl MATE[ / LOOP=n]

to start an animation sequence. Given LOOP=n, the entire animation sequence will
repeat n times.

Example:

yes? set data coads_cli nat ol ogy
yes? repeat/| =1:12/ani mate/ | oop=5 (shade sst; go fl and)

NOTE: In order to properly display, it is necessary to have backing store enabled for the
Xserver.

Ch5 Secl.2. Note on using whirlgif to make a movie

The following sections detail making movies with HDF, but another method has been
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brought to our attention. An easy way to make movies from gif files generated by
Ferret isa public domain utility called whirlgif. The documentation indicatesthat it is
available for avariety of systems.

Whirlgif is extremely easy to use:
1. Make your gif fileswith a Ferret command like:
yes? REPEAT/J=1:36 (GO scriptfile "j ; FRAVE/ FILE=whirl-"] .gif)

where the scriptfile uses the argument |  to determine the plot characteristics. See
sections later in this chapter for more on the REPEAT command (p. 159) and creating

gif files (p. 162).

2. Make afile (for example call it whirlgif-infile) that consists of alist of the gif files
(including repeats if you want):

> nore whirlgif-infile
whirl-1.gif

whirl-2.gif
Thisfile can be as long as you want and may specify files more than once to repeat any
of the imagesif you wish.
3. From the unix command line use whirlgif to make the movie:
> whirlgif -o novie_filenanme.gif -i whirlgif-infile
That'sit. Whirlgif smply concatenates the gif files with some connecting information

needed to do the animation. The resulting movie gif file isjust about as large as the sum
of the input frames.

These show nicely on the web, or you can use xanim (under unix) to view locally.

Download whirlgif from http://www.msg.net/utility/whirlgif/
or the mirror site: http://www.danbbs.dk/~dino/whirlgif/index.html
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which has extensive documentation. But we have found that it is a simple program that
works without much study.

Ch5 Sec2. CREATING AN HDF MOVIE

Creating a movie requires two steps.
1) designate an output file with SET MOVIE
2) generate a sequence of frames with REPEAT and FRAME

See commands SET MOVIE (p. 389), CANCEL MOVIE (p. 303), SHOW MOVIE (p.
409), FRAME (p. 331), and REPEAT (p. 360) in the Commands Reference section of
this manual.

Example: basic movie

yes? SET DATA coads_cl i nmat ol ogy Ispecify data set

yes? SET REG ON @V I'specify Pacific Ccean

yes? LET/ TI TLE="SST Anomal y* SST_ANOM = SST - SST[L=1: 12@AVE]

yes? REPEAT/L=1:12 (FILL sst_anom FRAME/ FI LE=ny_novi e. ngm
I'filled contour of sea surface\
tenp anonaly captured and\
witten to HDF file

Optionally, ".mgm" will be assigned to the moviefile.

REPEAT executes its argument (in the above example, FILL) successively for each
timestep specified. REPEAT can have multiple arguments separated by semi-colons and
enclosed in parentheses.

FRAME is a stand-alone command, but also aqualifier for the graphical output
commands PLOT, CONTOUR, FILL (aliasfor CONTOUR/FILL), SHADE, VECTOR
and WIRE.

The saved animation frames are exactly the size and shape of the window from which
they are created. Thus alarge window resultsin alarger, slower animation that demands



more disk space and memory to play back. The SET WINDOW/SIZE= command is
generally used to specify minimally acceptable frame size.

See section "Advanced Movie-making" (p. 159), for more examples.

Note that when making an HDF movie you should not start Ferret with the -unmapped
option.

Ch5 Sec3. DISPLAYING AN HDF MOVIE

Viewing a movie requires software which is not included with the Ferret distribution
(although in some cases we have made the binary available in Ferret's anonymous ftp
area). NCSA's X Data Slice reads HDF files and is available via anonymous ftp from
NCSA. It requires about 1.7Mb of disk space. NCSA's ftp server is

ftp.ncsa.uiuc.edu  loginidis"anonymous', give your e-mail address asthe
password

Consult the README files you will find there for instructions on obtaining X Data
Slice. Other utilities from NCSA can also be used for animations.

Ch5 Sec4. ADVANCED MOVIE-MAKING

Ch5 Sec4.1. REPEAT command

The REPEAT command is quite flexible. It allows you to repeat a sequence of
commands, not just a single command as in the basic example above. Y ou can give the
GO command as an argument to REPEAT. The following examples demonstrate these
techniques.

Note: MODE VERIFY must be SET (thisis the default state) for loop counting to
work.
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Example 1

Note the method at the start of this chapter for making movies from a sequence of gif
files and the whirlgif utility. (p.157)

Example 2

Here we give multiple arguments to REPEAT; note the semi-colon separation and the
parentheses. Note that FRAME, in this example, is used as a stand-alone command.

yes? REPEAT/L=1:12 (FILL SST; GO fland; FRAME/ fil e=ny_novi e. ngm

Example 3

In this example we use the REPEAT command to pan and zoom over a sea surface
temperature field.

SET DATA coads_cl i mat ol ogy

SET REG ON/ L=1

SET REG ON X=120E: 60W Y=45S: 45N
SHADE sst; GO fland

I ZOOM
REPEAT/ K=1: 5 (SET REG ON DX=+8: - 8/ DY=+8: - 8; SHADE sst; GO fl and;
FRAVE)

I PAN
REPEAT/ K=1: 5 (SET REG ON DX=+5; SHADE/ LEV=(20, 30, .5) sst; FRAME)

Example 4

In this example the user calls setup_moviejnl (text included below), title.jnl, which
creates atitle frame, then repeats main_movie.jnl (text included below) for each time
step desired. Finaly, the user adds a frame of credits at the end of the movie. Each of
the scripts would end with the FRAME command (except setup_movie). Using GO
scripts as arguments to REPEAT allows you to customize the plot with many
commands before finally issuing FRAME, as the text of main_movie.jnl below
demonstrates.
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yes? ! make the novie

yes? GO setup_novie

yes? (O title

yes? REPEAT/L=1:12 GO mai n_novi e
yes? GO credits

I Setup_novie.jnl

SET W NDOW SI ZE=. 45/ ASPECT=0. 7
SET MOVI E/fil e=ny_novi e. ngm
SET DATA coads_cl i mat ol ogy

SET REG ON X=130E: 75W Y=8S: 8N
SET MODE CALENDAR: nont hs

GO bol d

PPL SHAKEY ,,.15,.2

PPL AXLEN 8.8,4.8

' Mai n_novi e. | nl

FI LL/ SET_UP/ LEVELS=( 16, 31, 1) sst

PPL LABS; PPL TITLE

PPL FILL

LABEL 210,9.5,0,0,.22 @RCOADS MONTHLY CLI MATOLOGY (1946-1989)
LABEL 210,-12,0,0,.22 @RSEA SURFACE TEMPERATURE (DEG Q)

LABEL 130, 11,-1,0,.22 @R LAB4'

FRAME

Note: If you use the FILL command, we suggest that you use SHADE while
customizing and fine-tuning your movie, then use FILL for the fina run. SHADE is
much faster.

Chb5 Sec4.1.1. Initializing the color table

If you create a movie with atitle frame, or afirst frame which otherwise uses different
colors than the rest of the movie, you should be aware of an HDF peculiarity: all the
colorsthat you plan to use in your movie must be in the first frame, or else color
behavior will be unpredictable when you animate.

To "reserve" the colors you need, use overlapping full-window viewports. Make a
representative plot in the title frame, then cover over it with either ablack or white
rectangle and finally write the title text. Here is a script which initializes the color table
while creating atitle frame.



I define 3 identical full-franme vieworts
DEFINE VIEWfull1; DEFINE VIEWfull?2; DEFINE VIEWTfull3

I draw frane one of the novie in full color

SET VIEWTfull 1l

SET DATA coads_cl i mat ol ogy

SHADE/ LEVELS=( 16, 31, 1)/ L=1 sst I' dummy frame

I white-out over the picture

SET VIEWfull 2

GO set up_t ext

SHADE/ PALETTE=whi t e/ NOLAB/ NOKEY/ i =1:2/j=1:2 (i+j)*0

l'put on title frame | abels (using [0, 1] coordi nate space)
SET VIEWfull 3

GO set up_t ext

PPL PLOT

LABEL .5,.7,0,0,.3 @RW Title

PPL ALINE 1,.2,.55,.8,.55

PPL ALINE 1,.2,.53,.8,.53

LABEL .5,.4,0,0,.2 @RBy ne

Icapture the title frame and cl ean up
FRAME
&0 cl eanup_t ext

Chb5 Sec4.1.2. Making moviesin batch mode

Ferret, like other Unix applications, can be run in "batch" mode by redirecting standard
input and output. Thus

ferret -unmapped <novi e_conmmands.jnl >&novie.| 0g&

will make a movie running in background mode based on the commandsin file
movie_commands.jnl logging standard output and standard error in file movie.log.

Note, however, that when used in this mode to make a movie Ferret will still require

access to an X windows display (asin "setenv DISPLAY node:0"). To eliminate this

requirement we recommend the use of the X11R6 "virtual frame buffer" (Xvfb). This
application permits the movie frames to be generated in the absence of any physical



display device. Consult your system manager for the availability of X11R6 for your
system.

Ch5 Sec5. CREATING gif IMAGES

gif isahighly compressed format suitable for single images. (Ferret will not directly
create gif89 animations.) The procedure for creating a gif image is nearly identical to
the creation of a single frame of an HDF file. The modification is generally just to select
afile name with the ".gif" extension; Ferret will automatically sense this as arequest to
create a gif-formatted image file. Alternatively, any file name can be used if the gif
format is specified explicitly using

FRAVE/ FORVAT=g;i f

If anumber of gif images are created using the same file name Ferret will automatically
rename subsequent versions with a version number. Thus a repeat loop can be used to
generate many gif images.

Example:

REPEAT/ L=1: 12( FILL sst; GO fland; FRAME/ fil e=nyi mage. gi f)

Note: Inthis mode of grabbing an image, Ferret creates a gif file by requesting the
image back from your screen (your X server). Inorder for Ferret to correctly grab the
image, the X server should be configured to be running either in 8-bit PseudoColor
mode (i.e. direct color) or 24-bit TrueColor mode (i.e. indexed color) with X server
backing store enabled. If the X server is configured in 16-bit TrueColor (also indexed
color) mode, Ferret will be unable to grab the gif image from the X server.

An dternative approach to creating gif's (which does not share thisrestriction) isto
invoke Ferret with the -gif command line switch "ferret -gif" (p. 6).

Ch5 Sec6. CREATING MPEG ANIMATIONS



MPEG animations can be created from the outputs of the FRAME command—either
HDF animation files or a sequence of gif images. Various public domain utilities are
available to perform the conversion from Ferret's output formats into MPEG
animations. The routine hdf2mpeg (available in 2002 from
ftp://ftp.ncsa.uiuc.edu/HDF/HDF/contrit/NCSA/HDF2M PEG/) can be used to convert
HDF filesinto MPEG animations, mpeg_encode (available from mm-
ftp.CS.Berkeley.EDU in /pub/multimedia/mpeg/encode) can be used to convert
sequences of gif files. New and improved routines may have become available since the
time of thiswriting. See further documentation on this topic in the FEAQ file from the

Ferret home page.

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 6: CUSTOMIZING PLOTS

Ch6 Secl. OVERVIEW

Detailed control is possible over most aspects of Ferret graphical outputs. A custom modification
will require the user to either add a qualifier to a Ferret command or communicate directly with
the graphical package PPLUS, which is contained inside of Ferret. The most commonly used
PPLUS commands are listed in the following sections of this chapter. Consult the PLOT PLUSfor
Ferret manual for complete command lists and the specifics of command syntax.

Ferret communicates with PPLUS by sending a sequence of commands to PPLUS (the command
PPL ECHO ON causes the sequence of commands that Ferret sendsto PPLUS to be logged in the
filefort.41.). The user can give further commands to PPLUS directly using the Ferret command
PPL (e.g.,yes? PPL AXLEN 10, 7). Some results can be attained in two ways—with either
Ferret or PPLUS commands. However, the interaction of the two is complex and the inexperienced
user may get unexpected results, so when possible, use only Ferret commands.note1

PPLUS uses a deferred mode of output—various commands are given to PPLUS which describe
the plot state but produce no immediate output; the entire plot is then rendered by a single
command. Some plot states (e.g., axis labels) are set by Ferret with every plotted output; to
customize these states it is necessary to use the /SET_UP qualifier (which sets up the plot inside of
PPLUS) and then modify the state with direct PPL commands. Other plot states are never set by
Ferret and, if modified at any time, remain in their specified state for all subsequent plots. Still
other states are modified by Ferret only under special circumstances. Hereisavery simple
customization (Figure 6_1):

;

yes? PLOT/ X=1:100/ TI TLE="My SIN Pl ot"/ SET_UP si n(x/ 6) luse / SET_UP
yes? PPL YLAB "SI N val ue"
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yes? PPL PLOT

The examples throughout this chapter show how the /SET_UP qualifier on graphics commands can
be used to delay rendering of a plot while the user modifies plot appearance with PPLUS
commands.

Below isalist of PPLUS commands which are reset by Ferret. Please see the the PPLUS Users
Guide for details of PPLUS syntax. (p. 453)

PPLUS command when reset by Ferret

XFOR, YFOR reset for every plot

XLAB, YLAB reset for every plot

XAXIS, YAXIS reset for every plot

LABS reset for every plot

ALINE reset for every plot

TAXIS OFF reset for every plot

TITLE reset for every plot

TICS reset for every plot (small tic size, only)
WINDOW ON reset for every plot

PEN 1,n reset for every plot

LIMITS reset for every plot

ORIGIN reset by SET WINDOW/ASPECT and SET VIEWPORT; Y origin

may be shifted to accommodate many line style keys

AXLEN modified by SET WINDOW/ASPECT and SET VIEWPORT



VIEWPORT

LEV

VECSET

WINDOW

modified by WIRE/VIEW
modified by CONTOUR and SHADE unless/LEVELS SAME given
modified by VECTOR unless/LENGTH_SAME given

modified for "fresh" plots but not for overlay plots

Ch6 Sec2. GRAPHICAL OUTPUT

Ch6 Sec2.1. Ferret graphical output controls

Ferret command

CONTOUR

FILL

PLOT

SHADE

VECTOR

WIRE

SET WINDOW

SET VIEWPORT

Function

produces a contour plot of asingle field

aliasfor CONTOUR/FILL; produces color-filled contour plot
produces a line or symbol plot of one or more arrays
produces a shaded representation (rectangular cells)

produces a vector arrow plot

produces a 3D wire frame plot

mani pul ates graphics windows

places graphics output into a sub-window (pane)



Ch6 Sec2.2. PPLUS graphical output commands

The plot commands, in the table below, can be customized using /SET_UP to delay display. The
PLOT/SET_UPisfollowed by PPLUS commands which customize the settings for axes, labels,
plot layout, and so on. Then the plot will ultimately be rendered using a PPLUS graphical output
command (not the Ferret counterpart). A customized contour or filled-contour plot is rendered with
PPL CONTOUR, awire frame plot with PPL VIEW and so on. Please see the overview of this
chapter (p. 165) and also the discussion in the Commands Reference section about PPLUS (p.

359).

In the following sections, thereisa"PPLUS commands" subsection detailing which PPLUS
commands are used for each type of customization. See the examplesin those sections, and cross-
references to the PPLUS command syntax in the PPLUS manual (Appendix B).

Command Function

CONTOUR makes a contour plot

PLOT plots x-y pairsfor al lines of data
PLOTUV makes a stick plot of vector data
SHADE makes a shaded representation
VIEW makes awire frame plot
VECTOR makes a plot of avector field

The graphical output command PLOTUV can be used to make stick plots easily, as the following
time series example shows.

yes? SET DATA coads; SET REG QV X=180/ Y=0/ L=400: 500
yes? PLOT/ SET uwnd, vwnd



yes? PPL PLOTUWV

Ch6 Sec3. AXES

By default, Ferret displays X- and Y -axes with tics and numeric labels at reasonable intervals and a
label for each axis. Time axes are also automatically formatted and used as needed. These axis
features can be modified or suppressed using the following Ferret direct controls and PPLUS
commands.

Ch6 Sec3.1. Ferret axiscontrols

The following qualifiers are used with graphical output commands PLOT, VECTOR, SHADE, and
CONTOUR to specify axis limits, tic spacing, and possible axis reversal:

Ferret qualifers

HLIMITS, /VLIMITS, /INOAXIS

The/HLIMITS and /VLIMITS qualifiers use the syntax /HLIMITS=lo:hi:delta. Tic marks are
placed every "delta’ units, starting at "10" and ending at "hi". Every other tic mark is labeled.
"delta’ may be negative, in which case the axisis reversed.

The/NOAXIS qualifier removes both X and Y axes from the plot. Thisis particularly useful for
plots using curvilinear coordinates (map projections) where the final axis values represent
transformed axis values rather than world coordinates.

The following arguments to SET MODE and CANCEL MODE determine axis style (e.g., SET
MODE CALENDAR:days) :

Ferret arguments

CALENDAR

LATIT_LABEL



LONG_LABEL

See the Commands Reference section of this manual (p. 299) for more information.

Ch6 Sec3.2. PPLUS axiscommands

PPLUS commands can be used to customize axis settings. Note that Ferret makes settings for all
of these automatically; you will only need to make PPLUS calls to change the axis properties. See
the examples below, and the section on PPLUS graphical commands (p. 167) for more on the

syntax to make PPLUS calls.

Command Function

XAXIS controls numeric labeling and tics on the X axis (redundant with /HLIMITS) (p.
520)

YAXIS controls numeric labeling and ticson the Y axis (redundant with /VLIMITYS) (p.
520)

AXATIC sets number of large tics automatically for X and Y (p. 493)

AXLABP locates or omits axis labels at top/bottom or left/right of plot (p. 493)

AXLEN** sets axis lengths (p. 493)

AXLINT sets numeric label interval for axes every nth large tic (p. 493)

AXLSZE sets axis label heights (p. 493)

AXNMTC sets number of small tics between large tics on axes (p. 493)

AXNSIG sets number of significant digitsin numeric axis labels (p. 493)

AXSET allows omission of plotting of any axis (redundant with /AXES=) (p. 494)



AXTYPE

TICS

XFOR*

Y FOR*

XLAB*

YLAB*

TXLABP

TXTYPE*

TXLINT*

TXLSZE

TXNMTC

sets axistype (linear, log, inv. log) for x- and y-axis (p. 494) (Seeaso
/HLOG,/VLOG qualifiers on plot commands)

sets axistic size and placement inside or outside axes (p. 514)

sets format of x-axis numeric labels (p. 520)

sets format of y-axis numeric labels (p. 521)

sets label of x-axis (p. 521)

sets label of y-axis (p. 522)

establishes time axis label position (or absence) (p. 515)

sets the style of the time axis (p. 516)

specifies which time axistics will be labeled (p. 515)

sets height of time axis labels (p. 516)

sets number of small tics between large tics on time axis (p. 516)

* issued by Ferret with every relevant plot

** jssued by Ferret upon SET WINDOW/ASPECT or SET VIEWPORT

Examples

1) Plot with no axis labels (character or numeric) and no tics (Figure 6_2). (Equivaent to



yes? GO box_plot PLOT/I=1:10/ NOLABEL 1/i)

yes? PLOT/i=1: 30/ NOLABEL/ SET 1/

yes? PPL AXLABP 0, 0
yes? PPL TICS 0,0,0,0

yes? PPL PLOT
yes? PPL TICS .125,.25,.125,.25

yes? PPL AXLABP -1,-1

lturn off nuneric | abels
I'suppress small and large tics
I'render pl ot

lreset tics to default

lreset nuneric | abels

2) customize x-axislabel (Figure6_3); XLAB aways reset by Ferret)

yes? PLOT/ SET/i =1: 100 si n(x/6)
yes? PPL XLAB My Custom Axis Label
yes? PPL PLOT
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3) specify tic frequency for y axis

yes? PLOT/i=1:30/YLI M=0: 1:.2 1/i

4) Specify the size and location of tic marks on the axes. The PPLUS tics command is

ppl tics,snx,lgx,sny,lgy, | X 1Y

IX and 1Y are 1 for ticsinside the plot box, O to straddle the axis line, and -1 for tics outside the
axiswith -1 as default. These commands put large tics inside the axes.

yes? SHADE/ SET/i =1: 100/j =1: 15 si n(x/ 6)*10. /]
yes? PPL TICS .0,.35,.0,.35,1, 1

yes? PPL SHADE

Ch6 Sec3.3. Overlaying symbolson atime axis

To overlay symbols or mark-up on a plot which has aformatted time axis (dates and times) itis
necessary to specify positions using the internal time encoding of that axis. Typically, the easiest
way to achievethisisto definea variable, say TT, which is the time encoding. This example
illustrates.

Example:

demonstrate PLOT/V S and POLY GON over time axes (Figure 6_4)
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USE coads_cl i mat ol ogy

LET xsqr
LET ysqr

LET xcircle
LET ycircle = SIN(6.3*i[i=1:42]/40) !

{-1,1,1, -1} I
{-1,-1,1, 1}

coordi nates of a unit square

COs(6.3*i[i=1:42]140) I coordinates of unit circle
Notice the units of the tine axis

SHOW GRI D/ L=1: 3 sst

PLOT/ X=180/ Y=0 sst !

LET tt

= T[ GT=sst] !

draw a tine series plot

tt is the coordinates along the T axis

I place an "X' at the value exactly at 7-aug

I "@TP" causes interpolation to exact

LET tO
LET val O

| ocati on

tt[ T="7-aug- 0000" @t p]
sst[ X=180, Y=0, T="7-aug- 0000" @t p]

PLOT/ VS/ OVER/ NOLAB/ SYM=2/ LI NE=8 t 0, val O
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! put a box around the "X

POLYGON OVER/ LI NE=8/ Tl TLE="Speci al regi on" t0+500*xsqr, 0.05*ysqr+val 0

I place an "X' on the data point nearest to 15-may

! Note that @TP is absent, so behavior is set by MODE | NTERPOLATE

LET t1 tt[t="15- may- 0000"]
LET val 1 sst [ x=180, y=0, t =" 15- may- 0000" ]
PLOT/ VS/ OVER/ NOLAB/ SYM=2/ LI NE=10 t 1, val 1

I put a circle around the "X"
PLOT/ VS/ OVER/ LI NE=10/ nol ab t 1+500*xci rcl e, 0. 05*ycircl e+val 1

Example (continued):

mark-up over aHofmuller diagram (Figure 6_5)
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SHADE/ X=180 sst I Jlatitude vs tine plot

LET tlo = tt[T="1-jul -0000" @t p]

LET thi = tt[T="1-aug-0000" @t p]

POLYGON OVER/ LI NE=7/ PAL=gray/ PAT=lite up_left to right {"tlo, “thi*," thi’,
“tlo'}, {20, 20, 40, 40}

Ch6 Sec4. LABELS

Ferret, by default, produces labeled axes, a plot title, documentation about the data set, the plot
axes normal to the plot, nd a signature (current date and Ferret version number) when aplot is
rendered. The/NOLABELS qualifier suppresses the plot title, the documentation and signature,
and the axislabels of independent axes. Note that you can use the LABEL command to add any
labels that you need..

Ch6 Sec4.1. Adding labels

The Ferret command LABEL adds alabel to a plot and takes the following arguments:

yes? LABEL xpos, ypos, center, angl e, si ze text

where xpos and ypos are in user (axis) units, sizeisin inches, angleisin degrees (0 at 3 o'clock)
and center is-1, 0, or +1 for left, center, or right justification. There is an example in the section
below on PPLUS label commands (p. 177). The label position will adjust itself automatically when

the plot aspect ratio or the viewport is changed.

If you prefer to locate |abels using inches rather than using data units issue the command

yes? LABEL/ NOUSER xpos, ypos, . ..

Note, however, that the layout of a plot in inches—Ilengths of axes, label positions, etc.—shifts
with changes in window aspect ratio (SET WINDOW/ASPECT) and with the use of viewports.

L abels specified using LABEL/NOUSER will need to be adjusted if the aspect ratio or viewport is
changed.

Beginning with Ferret v5.53, long labels may be specified, up to 2048 characterslong. This
appliesto all kinds of labels: titles, axis labels, and moveable labels. To create multiple-line labels,
use the separator <NL> to locate the line-breaks. If centered labels are requested, each lineis
centered separately. See examples on pages 177 and 178. Also try the demo script



multi_line_demo.jnl for examples of this usage.
Notes:

1) If you use the command PPL LABS instead of LABEL, be aware that when defining a new
movable label, all lower-numbered labels must already be defined.

2) TheFerret command LABEL isan aiasfor PPL %LABEL. PPLUS does NOT consider a
label created with %L ABEL to be amovable label. Consequently, no label number is assigned and
the label cannot be manipulated as a movable label.

3) %LABEL isan unusua command in that the label appears on the plot immediately after the
command is given, rather than being deferred. This has ramifications for the user who has multiple
plot windows open and isin MODE METAFILE, since ametafileis not closed until anew plot is
begun. If the user produces a plot in window B, and then returnsto a previous window A and adds
alabel with LABEL, that label will appear on the screen correctly, but will be in the metafile
corresponding to window B.

Example

yes? PLOT/I=1:100 sin(i/6)
yes? LABEL 50, 1.2, 0, 0, .2 @P2MY SIN PLOT

Ch6 Sec4.2. Listing labels

The PPLUS command PPL LIST LABELS can be used to list the currently defined labels. For
example,

yes? PPL LI ST LABELS
@\CSEA SURFACE TEMPERATURE (Deg C)
@\SLONG TUDE

@ASLATI TUDE

XPCS YPOS HGT ROT UNI TS
LAB 1 8.000E+00 7.200E+00 0. 060 0 SYSTEM @ASFERRET Ver. 4.40
LI NE PT: 0. OOOE+00 0. O00OE+00 NO LI NE CENTER JUSTI FY LABEL
LAB 2 8.000E+00 7.100E+00 0. 060 0 SYSTEM @ASNCAA/ PMEL TNVAP
LI NE PT: 0. OOOE+00 0. O00OE+00 NO LI NE CENTER JUSTI FY LABEL
LAB 3 8.000E+00 7.000E+00 0.060 0 SYSTEM @ASCct 22 1996 09: 24
LI NE PT: 0. OOOE+00 0. O00OE+00 NO LI NE CENTER JUSTI FY LABEL

LAB 4 0.000E+00 6.600E+00 0.120 0 SYSTEM @ASTIME : 16-JAN
LI NE PT: 0. OOOE+00 0. O0OOE+00 NO LI NE LEFT  JUSTI FY LABEL



The first threelines of output show the plot title, the X axislabel, and the Y axislabel. These labels
are controlled by the PPL TITLE, PPL XLAB, and PPL YLAB commands, respectively. The three
characters"@AS" indicate the font of the label—in this case "ASCII Simplex" (seethe sectionin
this chapter, "Fonts," p. 188).

Next isatable of "movable |abels'—labels that were defined using the PPL LABS command.
Labels are generally simpler to control with the GO unlabel and LABEL commands described in
the following sections, rather than with the PPL LABS command.

Each label is described with two lines. The column headers refer to the first of the two. The
coordinates of each label, (XPOS,Y POS), may bein units of "inches' or may be in the units of the
axes. Thisisreflected in the UNITS field of the output, which will contain "SY STEM" if the
coordinates are in inches or "USER" if the coordinates are axis units. (The /NOUSER qualifier on
the PPL LABS command is used to indicate that coordinates are being given in inches.)
Coordinates are calculated relative to the axis origins. The PPL HLABS and PPL RLABS
commands control label height and rotations, respectively.

The second line of the label description contains information about an optional line on the plot
which can be used to point to the label (refer to the PPLUS command LLABS or see the section in
this chapter, "Positioning labels using the mouse pointer,” p. 179). At the end of thislineisthe text

of the movable label.

In additionto PPLUS LIST LABELS, you can aso issue a SHOW SY MBOL S command; the
labels that are automatically generated are available as symboals,

yes? SHOW SYMBOLS I lists all synbols that have been defined
yes? SHOW SYMBOLS LAB* ! lists synbols starting with LAB

Ch6 Sec4.3. Removing movable labels

Removing amovable label is atwo step process:. identifying the label number and then deleting the
label. PPLUS internally refersto al movable labels with label reference numbers. The PPLUS
command LIST LABELS will list the PPLUS labels and the text strings they contain. Then the user
can use "GO unlabdl n", where n isthe reference number, to delete alabel.

Example
In this example we plot the same figure in two viewports, one plot with the default "signature,” and
one plot with the signature removed (Figure 6_6).



lupper viewport has a "signature"
yes? PPL BOX on

yes? SET VI EW upper

yes? PLOT/I1=1:100 sin(i/®6)

l'in the | ower viewport

I'the signature has been renoved
yes? SET VI EW | ower

yes? GO unl abel 1

yes? GO unl abel 2

yes? GO unl abel 3

yes? PPL PLOT

yes? CANCEL VI EWPORT

Cho6 Sec4.4. Axislabelsand title

Special commands and special logic govern the labels of axes and titles. Use the PLOT+
commands XLAB, YLAB, and TITLE in conjunction with the Ferret plotting qualifier /SET_UPto
modify the labeling choices that Ferret makes. These are discussed in the section below, PPLUS
label commands (see p. 176).

For two-dimensional plots (CONTOUR, FILL) Ferret will label the plot axes with the titles and
units from the appropriate axes of the grid. The command SHOW GRID can be used to see the
labels that will be used. The title will be the title of the variable (see SHOW VARIABLE, p. 410,

and SHOW DATA/VARIABLE, p. 404) modified by the units and comments about
transformations in parentheses.

For one-dimensional plots (PLOT) other than PLOT/V S the independent axis will be labeled using
the title and units from the appropriate axis of the grid. The dependent axis will be labeled with the
units of the variable being plotted. The title will be labeled as for two-dimensional plots.

For output of the PLOT/V S command the axes will be labeled with the titles of the variables (see
SHOW VARIABLE, p. 410, and SHOW DATA/VARIABLE, p. 404) each modified by its units

and comments about transformations in parentheses.

Ch6 Sec4.5. Ferret label controls

In addition to LABEL (discussed above, page 173), Ferret controlsinclude the/NOLABELS

qualifier, which suppresses default plot title, documentation and signature, axis labels, and /TITLE
qualifier to graphical output commands PLOT, SHADE, CONTOUR, VECTOR, and WIRE:



Ferret qualifiers

INOLABELS

ITITLE=
and argumentsto SET MODE (p. 380) and CANCEL MODE (p. 303):

Ferret arguments

SET MODE ASCII_FONT
SET MODE CALENDAR
SET MODE LATIT_LABEL

SET MODE LONG_LABEL

Ch6 Sec4.6. PPLUS label commands
Ferret stores the text strings of the following labelsin PPLUS symbols. The symbol names are:

symbol name label

LABTIT title label
LABX X axis labdl
LABY Y axislabel

LABN nth movable label



PPLUS commands can be used to customize labels. See the example below, and the section on
PPLUS graphical commands (p. 167) for more on the syntax to make PPLUS calls. As stated
above, PPLUS commands regarding movable labels are largely superceded by the Ferret command
LABEL and "GO unlabel n". However the /SETUP qualifier on a plot command in conjuction
with PPLUS commands LABSET, TITLE, XLAB, and YLAB are used to modify the labels that
Ferret automatically puts on plots. See the section on PPLUS graphical commands for more on
calling PPLUS plot commands (p. 167)

Command Function

LIST LABELS shows the currently defined labels (p. 505)

LABSET sets character heights for labels (p. 502)

TITLE* sets and clears main plot label (p. 514)

XLAB* sets label of X axis (p. 521)

YLAB* setslabel of Y axis (p. 522)

LABS* makes, removes, or alters amovable label (p. 501) (redundant with LABEL
command)

HLABS sets height of each movable labe (p. 500)I

RLABS sets angle for each movable label (p. 511)

LLABS sets start position for and draws a line to amovable label (p. 506)

* issued by Ferret with every relevant plot

Example

This example customizes a plot using PPLUS label controls. The LABSET command (See p.



502) is used here to control the size of the main label, x-label, and y-label. The Ferret LABEL
command is used to add a label.

yes? PLOT/1=1:100/SET_UP i * sin(i/®6)
yes? PPL LABSET 0.3, 0.08, 0.3

yes? PPL TITLE
yes? PPL YLAB "Mdiified SIN function"
yes? PPL PLOT

yes? LABEL 10., 20,-1,30,0.2 "Angl ed | abel "

Beginning with Ferret v5.53, long labels may be specified, up to 2048 characterslong. To create
multiple-line labels, use the separator <NL > to locate the line-breaks. If centered labels are
requested, each line is centered separately. See the demo script multi_line_demo.jnl for examples
of this usage.

Example

Use of long axis labels. Use the backslash continuation character for better readability.

yes? PLOT/|=1:100/TI TLE=" "/SET i*cos(i/8)

yes? PPL YLAB "A four-line y | abel.<nl>second |ine\

<nl >third line<nl>fourth |ine"

yes? PPL XLAB "a two-line X |label. <nl>CCSINE function”
yes? PPL PLOT

Ch6 Sec4.7. Positioning labelsrelativeto other plot elements

Once a plot has been made, we can use the location and size of plot elements such as axis lengths
to position any labels we would liketo add. A number of global symbols are defined when aplot is
drawn. See the section on "specia symbols' for a compete list of these. (p. 198)

Use the LABEL command to position alabel. To position alabel using page inches, use
LABEL/NOUSER which takes the units to be inches from the origin. When plotting in a viewport,
plot inches are measured from the origin of the viewport.



Example:

yes? plot/i=1:100 (i/2)*sin(i/6)

! Put a label in the Iower right, use user units
yes? |l abel /user " ($xaxis_max) , “($yaxis_mn) ", 1, 0, .2, "@2lower right"
I-> PPL % ABEL/user 100, -50, 1, 0, .2, "@2l ower right"

! Use plot inches. Put a | abel just inside the plot area
yes? | abel / nouser " ($ppl $xlen)/ 2", " ($ppl $ylen) - 0.4, 0, 0, 0.2, "@2center
t op"

!-> PPL % ABEL/nouser 4, 5.6, 0, 0, 0.2, "@2center top"

! Put a label inthe Iower left, making sure it's not off the page.

yes? let xpl = -1*M N1,  ($ppl $xorg) ")
yes? let ypl = -1*M N1,  ($ppl $yorg) *)
yes? | abel /nouser “xpl°, “ypl ', -1, 0, 0.2, "@2l owner left"

I-> PPL %.ABEL/nouser -1, -1, -1, 0, 0.2, "@2l ower left"

Beginning with Ferret v5.53, long labels may be specified, up to 2048 characterslong. To create
multiple-line labels, use the separator <NL > to locate the line-breaks. If centered labels are
requested, each line is centered separately. See the demo script multi_line_demo.jnl for examples
of this usage.

Example:

Thisisone LABEL command, used to put ablock of text on the page. Use the backslash
continuation character for better readability.

yes? LABEL 3,95,-1,0,0.14,\

"@RFerret is an interactive conputer visualization and anal ysi s<NL>\
envi ronnent designed to neet the needs of oceanographers and<NL>\

nmet eorol ogi sts anal yzing | arge and conpl ex gridded data sets. |t<NL>\
runs on nost Unix systems, and on Wndows NT/9x using X<NL>\

wi ndows for display. It can be installed to run froma Wb<NL>\
browser (WebFerret) for use while away from your desk or<NL>\

froma system |l acking X wi ndows software. It can transparent| y<NL>\
access extensive renote Internet data bases using OPeNDAP, <NL>\
formerly known as DODS. "

Ch6 Sec4.8. Positioning labels using the mouse pointer

Often it is awkward precisely to position plot labels. Using the mouse pointer can simplify this as



mouse clicks can be used to place labels and other annotations on plots. This command option
works only in Window 1. It does not function in other windows that have been opened with SET
WINDOW/NEW.

The full syntax of the LABEL command is
LABEL xpos, ypos, justify, rotate, height "text"
Xpos,ypos are the (x,y) position of the label
justify =-1, 0, 1 for left, center, right justification — default = left
rotateis given in degrees counter-clockwise — default = 0
height isin "inches"
text to be plotted. This argument may include font and color specifications
Note that the LABEL /NOUSER qualifier is not relevant for mouse inpuit.

If either of the first two arguments (label position) are omitted it isa signal that mouse input is
desired. For example

yes? O ptest
yes? LABEL "this is a test”

will wait for mouse input, using the indicated point as the lower left corner of the text string.
Equivalent to thisis

yes? LABEL ,,-1,0,.12 "this is a test"
Note that left justification will always be used in this mode, regardless of the value specified.

For mouse control over justification and/or to draw aline or arrow associating alabel with afeature
on the plot, explicitly omit the justification argument. Ferret will put up a menu requesting a
selection of "Arrow", "Line", "Right", "Center", "Left". If Arrow or Lineis selected two mouse
inputs are required — the first indicating the feature to be marked, the second indicating the lower
left corner of the text area. If "Right", "Center" or "Left" is specified the text will be justified
accordingly.

Note that the mouse-driven LABEL command defines the symbols XMOUSE and Y MOUSE and
writes comments regarding their definitions into the current journal file (if any) as described under
the WHERE dlias.



The command (alias) WHERE requests mouse input from the user, using the indicated click
position to define the symbols XMOUSE and Y MOUSE in units of the plotted data. Comments
which include the digitized position are also written to the current journal file (if open). The
WHERE command can be embedded into scripts to allow interactive positioning of color keys,
boxes, lines, and other annotations.

Ch6 Sec4.9. Labeling detailswith arrows and text

Using the technique described in section 4.7 it is a'so ssimpleto create alabel with aline or arrow
indicating a detail of aplot. Follow the procedure outlined above but select "Line" or "Fancy line"
(arrow) from the menu that appears in the plot window. Then click on the detail which isto be
labeled. The menu will appear again—this time select the justification and click on the label
position.

To see the precise numerical coordinates of the arrow and label use the PPL ECHO ON command
prior to the PPLUS command which redraws the plot. The endpoint coordinates of the arrow will
appear as acomment line which beginswith "C LLABS" in the echo file, fort.41. The coordinates
of the label will appear as acomment line which beginswith"C LABS'. (Easily viewed with
"spawn tail -2 fort.41".)

Ch6 Sec5. COLOR

Ferret and PPLUS use colors stored by index. Storage indices 0 and 1 are used as window
background and foreground colors. Indices 1-6 are reserved for lines. As the user makes SHADE
and FILL requests, each color is assigned to the next available storage index beginning at 7, and
that assignment is automatically "protected" when viewports or color overlays are added.

If your SHADE and FILL commands request more colors than there are storage indices (256), you
will be informed with an error message and the color behavior may become unpredictable. For
example, if you have multiple viewports defined within a window you may run out of color storage
indices. If you are using the same color palette(s) in each viewport, you can free up indices by
canceling the color protections with PPL SHASET RESET. See the examples|ater in this section
for details on removing color protection. Currently, there is no way to ask PPLUS how many colors
itisusinginaplot.

The following discussion is divided into a treatment of text and line colors, and a discussion of
shade and fill color.



Ch6 Sech.1. Text and line color Swez2

By default the background color iswhite and the text color is black. To reverse these, so the
background is black, call the script "black.jnl". And to restorethe white background, call
"white,jnl". Black and white are the only colors that can be used for the background.

yes? go bl ack

yes? ! ...plot commands...
yes? go white
yes? ! ...nore plot commuands..

Line type and color for plot commands are most easliy controlled by the command qualifiers
PLOT/COLOR=, PLOT/THICKNESS=, and PLOT/DASH in the Command Reference section (p.
348)

For text, and optionally for plot lines, line type text colors are regulated by use of storage indices
1-6, each index associated with a default color. These are listed in the table in the section "PPLUS
text and line color commands" below (p. 181) It is possible to change the six available line colors
with the PPLUS enhancements command COL OR. (See Plotplus Plus: Enhancements to Plotplus.)
When you create a plot with multiple data lines, Ferret automatically draws each line in a different
color. By default, axes, labels, and the first dataline are all drawn in the same color. Y ou can
modify this behavior with the following Ferret and PPLUS commands.

Ch6 Sech.1.1. Ferret color controlsfor lines

Plotted line colors can be set using the /COLOR= qualifier on PLOT, CONTOUR, VECTOR, or
POLY GON commands. The available colors are black, red, green, blue, lightblue, purple, and
white. In addition, starting with Ferret version 5.4, the user has direct control over dashed lines,
and can combine them with choices of colors and thickness.

Plotted colors and line type may also be set with the older syntax

yes? PLOT/ LI NE=n
yes? VECTOR/ PEN=n
yes? CONTOUR/ PEN=n

where "n" is an integer between 1 and 18.

More direct control over line color and thickness is available with the qualifiers/COLOR and
ITHICKNESS and the line type is controlled with /DASH, /SYMBOL=, and /SIZE=


file:///Z|/ansley/FERRET/HOMEPAGE/Documentation/Users_Guide/doc_for_pdf/_FN_1.htm

Examples

1) Overlay threelines

yes? PLOT/i=1:10 1/i

yes? PLOT/ OVER/ COLOR=green/i =1:10 1/ (i +3)

yes? PLOT/ OVER/i =1: 10/ COLOR=pur pl e/ THI CK=3 1/i +1/(10-1)

2) dashed lines with color and thickness settings

yes? PLOT/ DASH | =1: 100 sin(i/5)
yes? PLOT/ OVER/ DASH=(0.3,0.1,0.3,0.1)/ COLOR=RED/ THI CK/ | =1: 100 sin(i/7)
yes? PLOT/ OVER/ DASH=( 0.6, 0.2,0.1, 0. 2)/ COLOR=RED/ THI CK/ | =1: 100 sin(i/?9)

3) Symbols with color and thickness settings
yes? PLOT/ THI CK=2/1=1:100 sin(i/5)
yes? PLOT/ OVER/ COLOR=r ed/ THI CK=3/ SYM=4/ SI Z=0. 10/i =1: 100 sin(i/7)

yes? PLOT/ OVER/ COLOR=gr een/ LI NE/ SYM=20/ SI Z=0. 15/ i =1: 100 sin(i/9)

Ch6 Sech.1.2. PPLUStext and line color commands

Older syntax uses the PPLUS command PEN (p. 508) to assign a color and thickness index to a
specified pen. The pen colors are also used to set pen colors for labels (see p. 188). The PPL PEN
command takes the form:

yes? PLOT/ SETUP var
yes? PPL PEN pen_#, color_thickness

yes? PPL PLOT

where pen_# isthe PPLUS pen number and color_thicknessis a color and thicknessindex. PPLUS
uses different pens for different tasks. By default, color_thicknessindex 1 is assigned to pen 0. The
following chart may be helpful.



pen number default color_thicknessindex drawing task

0 1 (black or white) axes and labels
1 1 (black or white) first dataline

2 2 (red) second dataline
3 3 (green) third dataline

4 4 (blue) fourth data line
5 5 (cyan) fifth dataline

6 6 (magenta) sixth dataline

Note: Whether you plot several data lines simultaneously, or use the/OVERLAY qualifier on your
Ferret commands, the color/thickness result will be the same. But the Ferret/PPLUS interaction is
different. When Ferret plots multiple data lines simultaneously, PPLUS automatically cycles
through pen numbers 1 through 6 combined with symbols. Type GO | i ne_sanpl es in Ferret to
see the 36 different line styles. However, if you are using /OVERLAY for additional datalines,
Ferret controls the color_thickness assigned to pen 1 and PPLUS draws each overlay line with pen
1.

Pen numbers range from 0 to 6, and color_thickness indices range from O to 18. The values 1 to 18
follow the formula:

color_thickness =6 * (thickness- 1) + color

where thickness ranges from 1 to 3 and color from 1 to 6. Type "GO line_thickness" in Ferret to
see actual colors and thicknesses. Further information isin the appendix, "Ferret Enhancements to
PlotPlus, (p. 531)

The special color_thicknessindex O refers to the background color, which produces "invisible"
lines that can be used as "white-out" for special purposes. Pen 19 is athin, white line which can be
used to draw in white over acolored area. Thicker white lines are not available.

The following PPLUS commands use the color_thickness index.



Command Function

@Cnnn uses color_thickness index "nnn" when embedded in alabel (@c019 will
draw in white)

PEN sets color_thicknessindex for each data line (see chart above) (p. 508)

LEV sets color_thicknessindex for contour plot lines (p. 502) (redundant with
CONTOUR/LEVELS)

Examples

1) Ferret's default behavior—these two plots will look identical

yes? PLOT/i=1:10 1/i, 1/(i+3), 1/i + 1/(10-i) !3 curves with 3 pens

yes? PLOT/i=1:10 1/i Ifirst curve with pen 1
yes? PLOT/ OVER/i =1:10 1/ (i +3) loverlay with pen 1 (next index)
yes? PLOT/ OVER/i=1:10 1/i +1/(10-1) loverlay with pen 1 (next index)

2) select different colors for pens 0 and 1

yes? PLOT/i=1:10/ SET 1/i

yes? PPL PEN 1 4 lassign color_thickness 4 to pen 1 (plot curve)
yes? PPL PEN 0 3 lassign color_thickness 3 to pen 0 (axes & | abel s)
yes? PPL PLOT I'render the plot

yes? PPL PEN 0 1 !reset pen 0 to default color_thickness (not\

reset by Ferret as is pen 1)

3) better way to do above plot:

yes? PLOT/i=1:10/LI NE=4/SET 1/i !include line style with qualifer /LINE
yes? PPL PEN O 3 ; PPL PLOT
yes? PPL PEN O 1

4) To make awhite label

yes? SHADE/ L=1 sst
yes? LABEL/ NOUSER 4, 4,0,0,0. 14 "@019Wite Text"l



Ch6 Sech.2. Shade and fill colors

Colors specified with the PPLUS SHASET command or in pallette files (also called spectrum files)
contain pre-defined color palettes. With Ferret 5.0 there are now three ways to specify how colors
are set in SHADE, FILL, and POLY GON plots: the earlier Percent RGB mapping, and also

By value and By _level.

For examples of these palettes, try the demo script,
yes? go pal ette_deno
Thereis aso an FAQ about choosing pal ettes,

How can | choose a good color palette for my plot? at
http://www.ferret.noaa.gov/Ferret/FAQ/graphics/col orpal ettes.html

The Percent method defines points along an abstract path in RGB color space that runs from O to
100 percent. The pallette file bluescale.spk, for example, contains these lines.

0O 0 095

100 95 95 95

The first number on each line is the percentage distance along the path in color space, and the
following numbers are the percents of red, green, and blue, respectively. In this simple two-line
file, the percentage runs from 0 to 100 % and the colors represent a range of blues from dark to
light. The percentsin the first column must be in ascending order. The actual colors used by
SHADE or FILL are determined by dividing this abstract color scale into N equal increments,
where N is the number of colors, and linearly interpolating between the red, green, and blue values
from the neighboring SHASET percentage points.

For compatibility with older palette files, the Percent RGB mapping method is the default, and pre-
5.0 palette files will be interpreted correctly. Palette files using Percent RGB mapping written out
with Ferret 5.0 will have adightly different format. A starting lineis optional, specifying
"RGB_Mapping_Percent". Any line starting with a! will be ignored as acomment line. Blank lines
areignored. for example the bluescale palette saved with Ferret 5.0 will look like this:

RGB_nmappi ng Per cent

I Level Red G een Bl ue


http://www.ferret.noaa.gov/Ferret/FAQ/graphics/colorpalettes.html

100 95 95 95

Thefirst lineinforms Ferret that the RGB mapping method is Percent. Lines beginning with an
exclamation point are comments and ignored when read in—palette files created or modified using
atext editor can contain comment lines as documentation. Note that palette files need to be unix-
formatted files; values separated by tabs may not be read correctly.

The RGB mapping method By _value uses color interpolation similar to the Percent method, with
the significant difference that colors are based on the values of the variable being plotted rather
than an abstract zero to 100 percent axis. When you use the same By _value palette in several plots,
identical values of one variable will be represented by the same color in each plot. Specify
"RGB_Mapping_By vaue" asthefirst linein the palettefile. A line starting with a! will be
ignored as acomment line. Blank lines are ignored. The values in column 1 must be in ascending
order. For example with the following palette, ocean_temp.spk:

RGB_Mappi ng By_val ue

I Set Pt Red G een Bl ue
-2.0 80.0 0.0 100.0
0.0 30.0 20.0 100.0
10.0 0.0 60.0 30.0
20.0 100.0 100.0 0.0
30.0 100.0 0.0 0.0
35.0 60.0 0.0 0.0

aparticular temperature, say 25 degrees, will have the same color on a SHADE or FILL plot with
levels ranging from O to 30, and on a plot with levels between 20 and 30 degrees.



The third RGB mapping method By _level allows the user to select the precise color to be used at
each level in SHADE and FILL plots. Unlike the other methods, no interpolation of RGB valuesis
done. Colors specified in the palette will be used exactly as defined. If there are more SHADE or
FILL levelsthan colors specified, the color palette will repeat. Specify "RGB_Mapping_By_level"
asthefirst linein the palette file. A line starting with a! will be ignored as a comment line. Blank
lines are ignored. The levelslistedin column 1 must be in ascending order.In the following palette,
by level rainbow.spk,

RGB_Mappi ng By_| evel

I Level Red G een Bl ue
1 80.0 0.0 100.0
2 30.0 20.0 100. 0
3 0.0 60.0 30.0
4 100.0 100.0 0.0

5 100.0 0.0 0.0

6 60.0 0.0 0.0

for example, with 6 colors defined and used in a plot with 10 levels, the colors used at each plot
level will be asfollows:

Plot level Color



4 4
5 5
6 6
7 1
8 2
9 3
10 4

Ch6 Sech.2.1. Ferret shade and fill color controls

By default, Ferret will use the PPLUS spectrum file default.spk for shades and fills (normally
default.spk isaUnix soft link to rnb.spk). Ferret comes with many color palettes. The UNIX
command "Fenv" lists the environment variable $FER_PALETTE which isalist of paths to be
searched for palette files (the palette file names all end in .spk). The UNIX command "Fpal ette"
allows you to find and examine these files (type "Fpalette -help” at the Unix prompt). Y ou can
easily create your own palette files with atext editor.

Use the Ferret qualifier /PALETTE= with Ferret graphical output commands CONTOUR/FILL and
SHADE to specify acolor palette. See the section in this chapter, "Contouring," p. 193, for details
on the CONTOUR qualifier /[LEV, which controls colors and dash patterns, as well as sets contour
levels.

Ferret qualifiers

/IPALETTE= (aliasfor PPL SHASET SPECTRUM=)



/ILEV=
PALETTE is aso a stand-alone command alias; it sets a new default color palette.

Be aware that when you use /PALETTE= in conjunction with /SET_UP, the color spectrum you
specify becomes the new default palette; to restore the default pal ette use command PALETTE
with no argument.

Ch6 Sech.2.2. PPLUS shade color commands

Command Function
SHASET Sets colors used by SHADE (p. 529)
SHAKEY Customizes the shade key (p. 529)

SHASET is an enhancement of PPLUS designed for Ferret. Y ou can specify a color spectrum, save
a spectrum, change an individual color in the spectrum, or remove the protection (PPL SHASET
RESET) for colors already on the screen. See Plotplus Plus: Enhancements to Plotplus (p. 529) for

more information.

If you need precise control over each individual RGB color on your plot, run "GO exact_colors”,
which contains instructions on modifying individual colorsin a palette using SHASET.

The SHAKEY command (see p. 529) allows you to customize the location, size and labelling of
the color key for SHADE and FILL plots.

Examples

1) look at the relief of the earth's surface

yes? SET DATA etopol20
yes? SHADE rose IFerret's default plot
yes? I Enphasi ze | and and sea with palette, custom ze the col or key

yes? SHADE/ PALETTE=l and_sea/ SET_UP rose pal ette

yes? PPL SHAKEY 1,0,0.1,2, , ,1.2,7.2,7.5,8.2



yes? PPL SHADE

2) Perhapsyou would like to compare two topography resolutions. To illustrate what happens
when you use more colors than are available, request an excessively large number of levels:

yes? SET DATA et opol20
yes? SET REG OV Y=-20: 20

yes? SET VI EWPORT UPPER lLupper half

yes? SHADE/ LEV=(-8000, 8000, 100) rose 1160 colors, default palette
yes? SET VI EWPORT LOVNER 'l oner half

yes? SET DATA et opo20 I'hi gh resol ution

yes? SHADE/ LEV rose[ d=et 0p020] l'anot her 160 col ors (320 > 256!)

yes? CANCEL VI EWPORT

PPL+ error: You're attenpting to use nore colors than are avail abl e.
Usi ng SHASET RESET to re-use protected colors may hel p.

If you reuse the same palette, as in this example, issue PPL SHASET RESET after the first plot.
Now the second picture is made without error:

yes? SET DATA etopol20

yes? SET REGQ OV Y=-20: 20

yes? SET VI EWPORT UPPER

yes? SHADE/ LEV=(- 8000, 8000, 100) rose

yes? SET VI EWPORT LOVAER

yes? PPL SHASET RESET I'reuse col or storage indices
yes? SET DATA et opo20

yes? SHADE/ LEV rose[ d=et opo20]

yes? CANCEL VI EWPORT

Ch6 Sec6. FONTS

Ch6 Sec6.1. Ferret font and text color

By default, Ferret produces all plot labels using the fonts ASCII Simplex (code AS) and ASCII
Complex (code AC). For upper and lower case letters these fonts are identical to the fonts Simplex
Roman (SR) and Complex Roman (CR), respectively. In addition, however, fonts ASand AC
include the complete set of ASCII punctuation characters and ignore the special PPLUS
interpretations of the characters """ (superscript), " " (subscript), and "@" (change font or pen).
Using atext editor, the ESCAPE character (decimal 27) may be inserted before the special



characters to restore their special interpretation.

The Ferret command CANCEL MODE ASCII causes Ferret to generate PPLUS labels which have
the font unspecified. When the font is unspecified the PPLUS command DFLTFNT determines the
default font and PPLUS responds to the special characters"A"," ", and"@". SET MODE ASCI|I
restores normal font behavior.

Cho6 Sec6.2. PPLUSfont and text color commands

PPLUS commands can be used to customize the font settings. See the examples below, and the
section on PPLUS graphical commands (p. 167) for more on the syntax to make PPLUS calls.

Command Function
DFLTENT Sets default character font for all labeling.
@AB In alabel string, selects the font for which AB is atwo-letter abbreviation

(i.e.,, @CI for complex italic—see PPLUS manual for fonts, p. 522).

@Pn Changes to pen color n (see p. 181 for corresponding colors)

Note that many ASCII punctuation characters are printable only in ASCII simplex and complex
fonts. In al other fonts these characters " @", ", and "_" have special meanings. @ = font change;
A = superscript; _ = subscript.

Examples

1) axislabelsin custom fonts (Figure 6_7)



3 i
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)
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yes? PLOT/ SET/i =1: 10/ NOLAB 1/i
yes? PPL XLAB @l nmy x-axis | abel
yes? PPL YLAB @Eny y-axis | abel

yes? PPL PLOT

2) set default font for all labeling (Figure 6_8)

w - ﬁ i -
vy cadern
yes? CANCEL MODE ASCI
yes? PPL DFLTFNT CS I'conpl ex scri pt
yes? PLOT/I1=1: 100/ TI TLE="sin curve" sin(i/®6)

yes?
yes?

SET MODE ASCI |
PPL DFLTFNT SR

'nunmeric axis |labels unaffected by SET MODE ASCI
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Ch6 Sec7. PLOT LAYOUT

Ch6 Sec7.1. Ferret layout controls

Layout of plots can be controlled with commands which modify window size and aspect ratio, and
viewports.

Ferret command

SET WINDOW/SIZE=/NEW/ASPECT=
DEFINE VIEWPORT/XLIMITS=/YLIMITS=/TEXT= view_name
SET VIEWPORT view_name

CANCEL VIEWPORT

Ch6 Sec7.1.1. Viewports

A viewport is a sub-rectangle of afull window. Viewports can be used to put multiple plots onto a
single window. Issuing the command SET VIEWPORT is best thought of as entering "viewport
mode." While in viewport mode al previously drawn viewports remain on the screen until
explicitly cleared with either SET WINDOW/CLEAR or CANCEL VIEWPORT. If multiple plots
are drawn in asingle viewport without the use of /OVERLAY the current plot will erase and
replace the previous one; the graphics in other viewports will be affected only if the viewports
overlap. If viewports overlap the most recently drawn graphics will always lie on top, possibly
obscuring what is underneath. By default, the state of "viewport mode" is canceled. A number of
the most commonly desired viewports are pre-defined.

Ch6 Sec7.1.2. Pre-defined viewports



Name Description

FULL full window

LL lower left quadrant of window
LR lower right quadrant of window
UR upper right quadrant of window
UL upper left quadrant of window
RIGHT right half of window

LEFT left half of window

UPPER upper half of window

LOWER lower half of window

Example: Graphics Viewports

Plot four variables from coads _climatology into the four quadrants of a single window (Figure
6_9).



yes? SET DATA coads_cl i nat ol ogy
yes? SET REG OV @V L=8
yes? SET VI EWPORT LL

yes? CONTOUR sst Isea surface tenperature
yes? SET VI EWPORT LR

yes? CONTOUR airt lair tenperature

yes? SET VI EWPORT UL

yes? CONTOUR sl p Isea | evel pressure

yes? SET VI EWPORT UR

yes? VECTOR/ XSKI P=4/ YSKI P=4 uwnd, vwnd !'zonal wi nd, neridional w nd

yes? CANCEL VI EWPORT

Ch6 Sec7.1.3. Advanced usage of viewports

For the purposes of defining viewports, a graphics window is considered to have length 1 and
height 1. All viewport commands refer to positions relative to the current aspect ratio of the
window. Thus,

yes? DEFI NE VI EWPORT/ XLI M=. 5, 1/ YLIM-. 5,1 V5

will locate the origin of viewport V5 in the upper right of the output window regardless of the
shape of the window.

yes? DEFI NE VI EWPORT/ XLI M=0., 1/ YLIM= 0,.3 V1
yes? DEFI NE VI EWPORT/ XLI M=0. , 1/ YLI MF. 3,.6 V2
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yes? DEFI NE VI EWPORT/ XLI M=0. , 1/ YLI M. 6, .9 V3
defines three viewports; each takes athird of the height of the page, and the entire width.

The qualifiers/XLIMITS=x1,x2 and /YLIMITS=y1,y2 alow the user to specify a portion of the
graphics window to be the defined viewport. The arguments must be values between [0,1] (NOT
world coordinates). x1 and x2 indicate the lower and upper bounds for the length of the window to
be defined as the viewport; y1 and y2 serve an analogous purpose for height.

The /TEXT=n qualifier allows the user control over the shrinkage or enlargement of text on the
plot. A value of /TEXT=1 indicates that the text size should be the same asit is on the full screen
output. If avaluelessthan 1 is specified the text will shrink. If avalueis not specified Ferret
chooses a value appropriate to the viewport size. Acceptable values are 0 < n < inf. but only values
up to about 2 yield useful results.

Ch6 Sec7.1.4. Viewport Symbols

When we "set viewport viewport_name" a number of Ferret symbols are set, giving accessto the
viewport size, scaling, the values given to XLIM and Y LIM when defining the viewport, and the
margins. See the Ferret Special Symbols section (p. 200) for alist of these symbols.

Ch6 Sec7.2. PPLUS layout commands

The following PPLUS commands can be called to customize the plot layout. See the section on
PPLUS graphical commands for how to call PPLUS plot commands (p. 167)

Command Function
ORIGIN sets distance of plot origin from lower left corner (p. 507)
BOX controls drawing of a box around the plotting area (p. 494)

CROSS controls drawing of lines through (0, 0) on graph (p. 496)



ROTATE rotates plot by 90 degrees on screen and plotter (p. 511)

AXLEN sets axis lengths (p. 493)

SHAKEY locates the color key (p. 529)

VECKEY locates the vector key (p. 517) (see also the VECTOR/NOKEY qualifier,p.
418)

AXSET includes/excludes particular axes (p. 494) (see also PLOT/AXES=,

CONTOUR/axes=, €tc., p. 350)

SIZE sets the overall size of the graphics window (p. 512)

Example:

A small plot, rotated 90 degrees, positioned with its origin at (4,4) on the plot page. Use the
IAXES quadlifier to plot just the left and bottom axes.

yes? PPL BOX ON

yes? PPL ORIG N 4,4

yes? PPL CROSS ON

yes? PPL ROTATE ON

yes? PPL AXLEN 2,2

yes? PLOT/|=1:30/ AXES=0, 1,1,0 sin(i)

Ch6 Sec7.3. Controlling the white space around plots

The location and size of the axis rectangle within the viewport or window determines the amount
of white space surrounding a plot. Complete control over thisis possible using low level controls,
DEFINE VIEWPORT/TEXT_PROMINENCE, PPL ORIGIN, and PPL AXLEN, but these
commands are sometimes awkward to work with. A simpler strategy is to use the GO tool

yes? GO nargi ns

When given without arguments this command will report the amount of white space surrounding a



plot. With argumentsit will adjust the axis origins and lengths according to the requested margins.
Try the Unix command

> Fgo -nore nmargins

for further documentation.

Ch6 Sec8. CONTOURING

Ch6 Sec8.1. Ferret contour controls

The following qualifiers to the Ferret command CONTOUR allow customization of a contour plot.

Qualfier

/FILL

/LEVELS

IKEY

INOKEY

INOAXIS

/LINE

IPALETTE=

/PEN=

Function

produces a color-filled contour plot (command FILL isan aliasfor
CONTOUR/FILL)

specifies contour levels, dash patterns, line thickness and color
turns on display of color key for color-filled contour plots (default)
turns of f display of color key for color-filled plots

turns of f display of X and 'Y axes (useful for map projections)
adds contour lines to acolor-filled plot (lines replace key)
specifies a color palette for color-filled contour plot

sets line style for contour lines (same arguments as PLOT/LINE=. See the
section in this chapter, "Text and Line Colors," p. 181.)



Ch6 Sec8.1.1. /LEVELSqualifier

The/LEVELS qualifier for CONTOUR, SHADE and FILL commandsis a powerful and multi-
functional tool. It takestheform/ LEVELS=I evel s_descri pt or

/ LEVELS without an argument /LEVEL S instructs Ferret to reuse CONTOUR or SHADE levels
from the last CONTOUR or SHADE plot

/ LEVELS=n specifying a simple numerical argument such as/LEVEL S=25 instructs Ferret to
select approximately 25 levels automatically, based upon the limits of the data to be plotted

| LEVELS=nC (centered levels) appending a"C" to the suggested number of levels instructs Ferret
to select levels which are centered about the zero level. Such levels are suitable for zero-symmetric
guantities such as anomalies and velocity components.

/| LEVELS=x. xD (deltalevels) Useof "D" as a suffix instructs Ferret to use the preceding value
asthe delta value between contour levels. Thus/LEVEL S=0.25D will cause Ferret to select
contour levels that span the range of the data to be contoured with a delta value of 0.25 between
contour levels. The"D" and "C" notations can be combined. For example, /[LEVELS=0.25DC
instructs Ferret to create zero-centered levels with a delta of 0.25 spanning the range of the data.

/| LEVELS=(l o, hi, delta)
or
/ LEVELS=(val ue)

or
[ LEVELS=(l o0, hi, delta, ndigits)

ndigits (applies to CONTOUR command only) is the number of decimal placesto use when
labeling the level on individual contour lines as:
-1 for integer format



or
-3 to omit numerical labels

When a CONTOUR or SHADE plot isfinished, the levels that were used are stored in a set of
symbols so the settings can be used again or modified for subsequent plots. These symbols are

LEV_MIN minimum level used

LEV_MAX maximum level used

LEV_NUM number of levels used

LEV_DEL Delta between values, if the levels were uniform, or "irregular"
LEV_TXT The argument to the levels qualifier

Examples

Note that by default the contour lines of negative values will be dashed and the zero contour will
be aheavy (DARK) line. Seedso (p.) for selecting color and thickness with the PEN option,
below.

/| LEVELS=( - 20, 10, 2) I basic | ow high,delta
/| LEVELS=(5) I asingle level at 5

/| LEVELS=(-20,10,2,-3) ! suppress nunerical contour |abels

/| LEVELS=40 I approxinmately 40 automatically sel ected
| evel s
/| LEVELS=40C I approximately 40 automatic |evels

centered equally about zero

/| LEVELS=0. 2D I automatic levels with a delta val ue of
0.2



/[ LEVELS=0. 2DC I automatic zero-centered levels with a

delta value of 0.2

Refinements to the basic levels may be applied using the syntaxes below. If blanks are included,
surround the entire levels descriptor in double quotation marks.

To request additional levels, ssimply append additional (lo, hi, delta) and/or (value) specifiers.

/ LEVELS="( - 100) ( - 10, 10, 2) ( 100) " | focus on -10 tol0 range,

but catch outliers

To specify the line type as dark (heavy line), append DARK(lo, hi, delta) or DARK (value). Similar
syntax can be applied to LINE (solid, thin) or DASH.

/ LEVELS=" ( - 100, 100, 5) DARK( - !

heavy line on nmultiples
100, 100, 25) "

of 25
/ LEVELS="(0, 10, 2) DASH(2, 10,2)" I use dashed lines for

positive val ues

To remove selected levels, append the specifier DEL (lo, hi, delta) or DEL (value).

/ LEVELS="(-10, 10, 2) DEL(0)" I -10 to 10 by 2's with the zero
cont our renoved

To specify the color_thickness index of contour lines (see the section in this chapter, "Color, " p.
180, for adiscussion of color_thickness indices), append PEN(lo, hi, delta, index).

/| LEVELS=(0, 1, .2) PEN(.6,1,.2,2) I use pen #2 (red) for the
upper contour |evels

/ LEVELS="(-100, 100, 10) PEN(-100, - !

Use Pen 2 (red) for negative
10, 10, 2) PEN(10, 100, 10,4)"

| evel s and pen 4 (blue) for
positive | evels



To apply the previous levelsto anew plot, use the/LEVELS qualifier alone. To do more, the
levels symbols let you apply the settings in new ways:

yes? USE coads_cl i nat ol ogy
yes? CONTOUR/ L=1 sst
yes? SHOW SYM LEV*

LEV.MN = "-5"
LEV_MAX = "35"
LEV_NUM = "9"
LEV DEL = "5"

yes? SHADE/ L=5/ LEV=(($LEV_.M N), ($LEV_MAX), 2) airt
yes? SHOW SYM LEV*
LEV_TEXT = "(-5, 35, 5)"

LEV.MN = "-5"
LEV_MAX = "35"
LEV_NUM = "21"
LEV_DEL = "2"

Cho6 Sec8.2. PPLUS contour commands

PPLUS commands can be used to customize contouring settings. Note that Ferret makes settings
for al of these automatically; you will only need to make PPLUS calls to change the properties of
the plot. See the examples below, and the section on PPLUS graphical commands (p. 167) for
more on the syntax to make PPLUS calls.

Command Function

CONPRE sets prefix for contour labels (usually afont, e.g., "@TR") (p. 494)
CONPST sets suffix for contour labels (usually units, e.g., "cm") (p. 495)
CONSET controls various aspects of contour labels and curves (see below)

CONSET isamodified version of the PPLUS command. Two new parameters have been
added—"spline_tension" and "draftsman". "spline_tension" controls a spline fitting routine for
contour lines, and is primarily used in conjunction with the narc parameter. The new parameter
"draftsman" enables the user to specify horizontally oriented contour |abels (draftsman style) or the
default, labels oriented along contour lines. Arguments for CONSET are as follows:



CONSET hgt, nsi g, narc, dashl n, spacl n, cay, nrng, dsl ab, spl i ne_t ensi on, draftsnan
hgt = height of contour labels. default=.08 inches

nsig = no. of significant digitsin contour labels. default=2

nar ¢ = number of line segments to use to connect contour points. default=1

dashin = dash length of dashes mode. default=.04 inches

spacln = space length of dashes mode. default=.04 inches

cay Thisargument has no effect on gridded data. It is documented in PLOT PLUSfor Ferret
User's Guide (p.495).

nrng Thisargument has no effect on gridded data. It is documented in PLOT PLUSfor Ferret
User's Guide (p. 495).

dslab= nominal distance between labels on a contour line. default=5.0 inches.

spline_tension = areal value that affects the fit of the contour line. default=0. This parameter is
only applied if narc is greater than 1. Otherwise, straight lines are drawn between data points and
no interpolated points are contoured. This value indicates the curviness desired.

abs(spline _tension) is nearly zero (e.g., .01). Theresulting curveis approximately a cubic spline.
abs(spline_tension) islarge (e.g., 10.). Theresulting curveis nearly a polygonal line.
spline_tension = 0. The resulting curve is a cubic spline (the default algorithm in ppl).
A typical value for spline_tensionis 1, and the typical useful range of valuesis .01 to 10.
draftsman = areal value that controls the |abel format. default = 0.

0. = original label style—Ilabels oriented along contour arcs

> 0. = draftsman label style—labels oriented horizontally on the page

< 0. = reserved for future use

Examples



Run the demonstration on custom contouring for many examples of label styles, contour line styles
(color, thickness dash pattern), and contour intervals— yes? GO cust om cont our _deno

1) Color-filled contour plot of sea surface temperature

yes? SET DATA coads_cl i nat ol ogy

yes? SET REGONV @/ =6 I'specify tropical Pacific, nonth 6
yes? SET VI EWPORT upper

yes? FILL sst I'filled contour plot

yes? SET VI EWPORT | ower

yes? FILL/LINE sst make the plot with contour lines

2) Let'simprove on the earlier example (5.2.2) of shaded bathymetry with blue palette

yes? SET DATA ETOPC60
yes? LET/ TI TLE="Surface relief x1000 (neters)" r1000 rose/ 1000
yes? FILL/ PAL=ocean_bl ue/ LI NE/ LEV=(-8,-1,1,-3)LINE(-8,-1,1,-3)/PEN=4 r1000

Here is a breakdown of the final command line:

FILL color-filled contour plot (alias for CONTOUR/FILL)

PAL specifies color palette for fill colors

LINE specifies that contour lines be overlaid on thefilled plot (in lieu of akey)

LEV first arg specifies contour levels without numerical labels, next requests solid lines
(dashed lines are the default for negative contour values)

PEN assigns line style 4 (blue) to contour lines

Ch6 Sec9. SPECIAL SYMBOLS

When a plot command is executed, PPLUS automatically defines a number of global symbols
which are available to the user with SHOW SYMBOL They are documented in the PPLUS Users
Guide (p. 471), and listed here. These are not defined until associated plot commands have been

issued. Also note that the user cannot redefine the value of these symbols.

Example: draw a plot and examine and use some of the symbols



yes? plot/i=1:10 1./i

yes? SHOW SYMBOL ppl $xI en

PPL$XLEN = "8. 000"

I Try to show an undefined variable (no response)
yes? SHOW SYMBCL ppl $I f _var

yes? SHOW SYMBOL ppl $li ne_count

PPL$LI NE_COUNT = "

I Use the value of a synbol

yes? LET ny_xlen = ($ppl $xl en) - 1.
DEFI NE VARI ABLE ny_xlen = 8.00 - 1.

to position a | abel

yes? LABEL/ NOUSER “nmy xlen, 0.1, -1, 0, 0.1 "label at "ny_xlen™ "

SYMBOL

PPL$EOF
PPL$FORMAT
PPL$HEIGHT
PPL$INPUT_FILE
PPLSLE A
PPL$LF_A_STDEV
PPL$LF B

PPL$LF B_STDEV
PPL$LF R2
PPLSLF_RES VAR

PPL$LF VAR

PPL COMMAND

RD,RWD,SKP

FORMAT

SIZE

RD,SKP,RWD

LINFIT

LINFIT

LINFIT

LINFIT

LINFIT

LINFIT

LINFIT

DESCRIPTION

"YES' if an EOF (end of file) was read.
The current format.

Height of the box.

The current input file.

Constant from fit y=a+ b*x

Standard error of A.

Constant from fit.

Standard error of B.

Regression coefficient squared.
Residual variance.

Total variance.



PPL$SLINE_COUNT

PPL$PLTNME

PPL$RANGE_INC
PPL$RANGE_HIGH

PPL$RANGE_LOW

PPL$TEKNME
PPL$VIEW X
PPL$VIEW Y
PPL$VIEW Z
PPL$WIDTH
PPL$XFACT(n)
PPL$XLEN
PPL$XOFF(n)
PPL$XORG
PPL$XFIRST(n)
PPL$XLAST(n)
PPL$XMAX
PPL$XMIN

PPL$XMAX (n)

PLTNME

%RANGE

%RANGE

%RANGE

TEKNME

VPOINT

VPOINT

VPOINT

SIZE

TRANSXY

AXLEN

TRANSXY

ORIGIN

RD

RD

The number of the last line read.
The name of the plot file.

See Advanced Commands Chapter
See Advanced Commands Chapter
See Advanced Commands Chapter
The name of the tektronix file.

X viewpoint (from a WIRE plot)
Y viewpoint (from aWIRE plot)t
Z viewpoint (from a WIRE plot)
Width of the box.

Xfact for linen.

Length of X axis.

Xoff for linen.

Distance between origin and left edge.

X valuefor first datapoint in linen.
X valuefor last data pointinlinen.
Xmax of contour grid
Xmin of contour grid

Xmax for valid datain line n.



PPL$XMIN(n)
PPL$YFACT(n)
PPL$YLEN
PPLS$Y OFF(n)

PPL$Y ORG

PPLS$Y FIRST(n)
PPL$YLAST(n)
PPL$YMAX
PPL$YMIN
PPL$YMAX(n)
PPL$Y MIN(n)
PPL$ZMAX

PPL$ZMIN

TRANSXY

AXLEN

TRANSXY

ORIGIN

RD

RD

Xmin for valid datain linen.
Yfact for line n.

Length of Y axis.

Y off for linen.

Distance between origin and bottom
edge.

Y valuefor first data point ininen.
Y valuefor last data pointinlinen.
Y max of contour grid

Y min of contour grid

Ymax for valid datain linen.

Ymin for valid datain line n.

Zmax for valid contour data.

Zmin for valid contour data.

In addition to the PPLUS symbols, Ferret sets other symbols on startup or when plotting commands
areissued. They are summarized here:

SYMBOL

FERRET_VERSION

FERRET_PLATFORM

FERRET COMMAND DESCRIPTION

Ferret startup

Ferret startup

the Ferret version

the platform Ferret is running o



BYTEORDER

SESSION_DATE

SESSION_TIME

LABTIT

LABX

LABY

LABN

XAXIS_MIN

XAXIS_MAX

YAXIS_MIN

YAXIS_MAX

LABKEY

VP_HEIGHT

VP_WIDTH

VP XLO

Ferret startup

Ferret startup
Ferret startup

plot commands

plot commands

plot commands

plot commands

plot commands

plot commands

plot commands

plot commands

line PLOT, POLY GON

SET VIEWPORT

SET VIEWPORT

SET VIEWPORT

gives"BIG" or "LITTLE" according to
the endianness of the CPU

date the current Ferret session started
time the current Ferret session started

default title labdl; if title is set with
/ITITLE or PPL TITLE, thisnew titleis
stored in amoveable lable

|abel for horizontal axis
|abel for vertical axis
nth moveable |abel

data value corresponding to the start of the
horizontal axis

data value corresponding to the end of the
horizontal axis

data value corresponding to the start of the
vertical axis

data value corresponding to the end of the
vertical axis

text for key of latest line or polygon put
on the plot

height of current viewport

width of current viewport

lower x corner of viewport, as defined by
DEFINE VIEWPORT/XLIM=xlo:xhi



VP _XHI

VP YLO

VP YHI

VP RT_MARGIN

VP_TOP_MARGIN

VP SCALE

LEV_TEXT

LEV_MIN

LEV_MAX

LEV_NUM

LEV_DEL

SET VIEWPORT

SET VIEWPORT

SET VIEWPORT

SET VIEWPORT

SET VIEWPORT

SET VIEWPORT

CONTOUR, SHADE

CONTOUR, SHADE

CONTOUR, SHADE

CONTOUR, SHADE

CONTOUR, SHADE

upper x corner of viewport, as defined by
DEFINE VIEWPORT/XLIM=xlo:xhi

lower y corner of viewport, as defined by
DEFINE VIEWPORT/YLIM=ylo:yhi

upper y corner of viewport, as defined by
DEFINE VIEWPORT/Y LIM=ylo:yhi

width of right margin(see ppl$xorg for left
margin)

width of top margin(see ppl$yorg for
lower margin)

shrinking or expansion factor (see
DEFINE VIEWPORT/TEXT, p. 327)

command argument used to set levels.
minimum contour level used
maximum contour level used

number of levels used

delta-value between levels

Ch6 Sec10. MAP PROJECTIONSAND CURVILINEAR

COORDINATES

Ch6 Secl10.1. Three-argument (curvilinear) version of SHADE, FILL,



CONTOUR, and VECTOR

The SHADE, FILL, CONTOUR and VECTOR commands now have a 3-argument mode which
allows them to create output in "curvilinear" coordinates. This allows for easy generation of output
plots using sigma coordinates as well as the application of various map projections. A typical
command line entry will look like:

yes? SHADE sst, Xx_page, y_page

yes? VECTOR/ OVER/ PEN=1 uwnd, vwnd, X_page, Yy_page

where the last two arguments, x_page(i,j) andy_page(i,|j), must be (at least) 2-
dimensional grids which specify the X page (horizontal) position and Y page (vertical) position for
each (i, ] ) index pair. The page positions may be in any units; Ferret will scale the plot
according to the ranges of valuesin the position fields.

Notes:

1. The default axis labeling for the 3-argument commands will be the ranges of the position fields:
inappropriate when map projections are being used. The /NOAXIS qualifier is provided for this
purpose.

The /NOAXIS qualifier causes the axes and axis labels to be omitted from the plot. The qualifier
has been added to support the curvilinear coordinate and map projection capabilities of the 3-
argument versions of SHADE, FILL, CONTOUR and VECTOR in which linear axes are
inappropriate.

2. In the 3-argument SHADE syntax you can specify either the coordinates of the points or the
coordinates of the cell boundaries. 1n the command

yes? SHADE val ues, xcoords, ycoords

say that nVx isthe size of the "x" dimension of the values argument, and nCx isthe size of the
"x" dimension of the coordinate arguments.

If NCx = nVx then the xcoords argument is presumed to give the locations of the pointsin the
values argument and (as you say), the boundaries between points are computed to be the
midpoints.

However, if n"Cx = nVx + 1 then the xcoords and ycoords arguments are presumed to give the
locations of the boundaries. For an example see the FAQ on Using the 3-argqument SHADE

command. In all casesthe size of the xcoords argument must match the size of the ycoords
argument.
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3. Thereis an aternative to the 4-argument VECTOR command. The script mp_poly vectors sets
up to plot vectorsin curvilinear coordinates using filled polygons. See the script
poly vec demo.jnl for ademonstration of this capability.

Cho6 Sec10.2. Gridded data setson curvilinear coordinates

If agiven gridded variable is defined on a curvilinear coordinate system, then one need only
provide the X and Y coordinate fields in the 3-argument SHADE or FILL command to accurately
depict the field. For example, if adata set contained a variable TEMP, which was Nx x Ny in the
longitude-latitude plane, and the data set also contained variables LON_POSITION and
LAT_POSITION of the same size, then the command:

yes? SHADE TEMP, LON_POCSI TI ON, LAT_POSI TI ON

would render the curvilinear plot.

Ch6 Secl10.3. Layered (sigma) coordinates

The capability to render curvilinear coordinates allows Ferret to display sigma coordinate fields
without interpolating or regridding the variable to be displayed.

In this example the variable flow is defined on the gg grid where the Z axisisin layers. To display
the field we need only create multidimensional fields specifying the relative positions of (i,j) pairs
and use the new curvilinear coordinate commands (Figure 6_10):
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non—phy=ical flow field

yes? LET depth = h[k=@sum-h/2

yes? SET VARI ABLE/ TI TLE="DEPTH function”/UN T=neters depth
yes? ! regrid 'Y to the data grid

yes? LET ygg = y[g=g9]

yes? SET VARI ABLE/ TI TLE="Y"/UNI T=ki | oneters ygg

yes? SHADE flow x=0, | =1], ygg, depth[x=0,i=1]

For a detailed example illustrating the use of curvilinear coordinates to analyze sigma-coordinate
fields see the Ferret FAQ Entry, How to handle sigma coordinate output in Ferret.

Ch6 Sec10.4. Map Projections

Along with general capabilities for curvilinear coordinates, version 4.9 of Ferret and later provide a
series of scripts for many common map projections.

Each map projection script will create the following variables:

np_central _meridian centra longitude calculated from the currently set region
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np_standard_paral | el centra latitude calculated from the currently set region

X_page two dimensional array mapping X world coordinates to page
coordinates

y_page two dimensional array mapping Y world coordinates to page
coordinates

np_mask mask two hide "back side" datain orthographic or other 3-D
projections

Ch6 Sec10.4.1. Using Map Projection scripts

To create output with a particular map projection you must do the following:

1. run the map projection script

2. associate the variable's grid with the projection: set grid var

3. adjust the window aspect ratio (if desired)

4. multiply the variable of interest by mp_mask (required for "3-D" projections)
5. give the three-argument plotting command

Example: (Figure6_11)
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yes? USE coads_cl i mat ol ogy

yes? SET REG OV L=1

yes? GO np_hanmer

yes? GO np_grid sst

yes? GO np_aspect

yes? SHADE/ NOAXI S sst*np_nmask, X_page, Yy_page

Ch6 Sec10.4.2. Overlayswith Map Projections

Overlays can be drawn once a map projection script has been run. To add afilled land mask, sea
level pressure and wind vectors onto our SST map we would issue the following commands
(Figure 6_12):
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TIME : 18—J4H CIE, LX) DATA SET, coada_chimatakegy
COALES Manthly Sllmatalogy (194318805
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CONTELR, SLPYUP At SEA SURFACE TEMPERATURE (Deg C)

yes? GO np_grid uwnd

yes? GO np_fl and

yes? VECTOR/ OVER/ PEN=1 uwnd* np_mask, vwnd*np_nask, x_page, y_page
yes? GO np_grid slp

yes? CONTOUR/ OVER/ PEN=5 sl p*np_mask, x_page, y_page

If, instead, we wished to overlay sealevel pressure for the South Atlantic only, we would need to
take advantage of thenp_central neri di anandnp_standard_paral | el variables.
Normally, the map projection scripts calculate the central meridian and standard parallel from the
currently set region and generate the x_page andy_page coordinate transformations
accordingly. When we overlay a subregion, we need to rerun the map projection script and pass in
valuesfor np_central neridi anandnp_standard_paral | el sothat they are match
the previous values and are not calculated from the subregion associated with the overlay. (Figure
6 _13)
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TIME : 18—J4H CIE, LX) DATA SET, coada_chimatakegy
COALES Manthly Sllmatalogy (194318805

AET*MP MASK

yes? USE coads_cl i mat ol ogy
yes? SET REG OV L=1
yes? GO np_hanmer
yes? GO np_grid sst
yes? GO np_aspect
yes? SHADE/ NOAXI S sst*np_nmask, X_page, Yy_page
yes? GO np_fland
yes? LI ST np_central _neridian, np_standard_parall el
LONG TUDE: 20E to 20E(380)
LATI TUDE: 90S to 90N
Colum 1: MP_CENTRAL_MERIDIAN is (MP_X[1=@WAX] + MP_ X[ I1=@M N )/2
Col umm 2: MP_STANDARD PARALLEL is (MP_Y[J=@W®1X] + MP_Y[J=@M N])/2
MP_CENTRMP_STAND
I/ *: 200.0 0. 0000
yes? GO np_hanmer 200 0
yes? SET REGQ OV X=60w. 20e/ Y=45s: On
yes? GO np_grid slp
yes? CONTOUR/ OVER sl p, x_page, y_page

Note: Had weused go np_hanmer 200 0 inthe beginning we would not have had to rerun
np_hamrer .
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Ch6 Sec10.4.3. Map Projection scripts

Hereisthe list of map projection scripts delivered with Ferret. (The techniques used are quite
general and can be applied to most map projections.)

Ferret script

mp_bonne,jnl
mp_craster_parabolic.jnl
mp_eckert_greifendorff.jnl
mp_eckert_iii.jnl
mp_eckert_v.jnl
mp_hammer.jnl
mp_lambert_cyl.jnl
mp_mcbryde fpp.jnl
mp_orthographic.jnl
mp_plate caree,nl
mp_polyconic.jnl
mp_sinusoidal.jnl
mp_stereographic_eq.jnl

mp_stereographic_north.jnl

Projection name

Bonne

Craster Parabolic

Eckert Grifendorff

Eckert I11

Eckert V

Hammer

Lambert Cylindrical Equal Area

McBryde Flat Polar Parabolic

Orthographic

Plate Caree

Polyconic

Sinusoidal

Stereographic Equatorial

Stereographic North



mp_stereographic_south.jnl
mp_vertical_perspective,jnl
mp_vertical _perspective,jnl
mp_wagner_vii.jnl

mp_winkel_i.jnl

Stereographic Soutth
Stereographic South
Vertical Perspective
Wagner V11

Winkel |

Hereisthelist of utility scriptsthat support curvilinear coordinates

Ferret script

mp_demo.jnl

mp_fland.jnl

mp_graticule,jnl

mp_grid.jnl

mp_label.jnl

mp_land.jnl

mp_land_stripmap.jnl

mp_linejnl

mp_ocean_stripmap.jnl

mp_polymark

Function

demonstration of various map projections
curvilinear version of f | and. j nl

creates a graticule (lines of longitude and latitude) over the whole
globe or any portion

Associates a data grid with a predefined map projection.

correctly places labels using lat-lon coordinates

curvilinear version of | and. j nl

creates aland-centric interrupted map using the current projection
correctly plots user lat-lon data on the map

creates an ocean-centric interrupted map using the current projection

overlays "map projected” polygons



For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 7: HANDLING STRING DATA:
STRING VARIABLESAND "SYMBOLS®

Ferret offers avariety of tools for manipulating strings through the use of "symbols"
(variables defined to be strings). In addition, beginning with Version 5.4, string
variables are supported, with much the same syntax as for numeric variables.

Ch7 Secl. STRING VARIABLES

String variables are defined using DEFINE VARIABLE (or itsalias LET). They can be
read from and written to NetCDF files. Arrays of strings may be defined and alimited
number of algebraic operations are defined for string variables. They can be passed to
go scripts and functions. Grave accents around a scalar string return the string.

yes? LET astring = "hell o everyone"
yes? LI ST/ NOHEAD astri ng
"hel l o everyone"
yes? message astring
I-> nessage hell o everyone
hel |l o everyone
Ht Carriage Return to continue

Ch7 Secl.1. String arrays

Strings in arrays may be of variable length. The syntax {"a","b","c"} denotes an array
of strings. Two commasin arow denotes a null (missing value) string. Single and
double quoted strings are both allowed, but must match for an individual string, e.g. 'P"
isnot valid.

Examples: thefollowing define and list valid string arrays:

yes? LET a = {"s1","s2", ,"s3"}

yes? LIST a



1 /[ 1:"s1"
2 [ 2:"s2"
3 /[ 3"

4 | 4:"s3"

yes? LET b = {, 'stringl ,b's2',,'cccc'}
yes? LIST/i=3:5 b

{, "stringl ,b's2',,'cccc'}
1 "s2"

o b~ w
~ ~ —~
o b~ w

yes? LET ¢ = {'p', 'q", '"a longer string'}
yes? LI ST/ NOHEAD/ ORDER=x c
"p" "q" "a |l onger string"

Ch7 Sec2. STRING FUNCTIONS

A number of functions are available for working with string variables. They are
described in the following sections. See also the section later in this chapter, "PLOT+
string editing tools" (p. 219) for more ways to manipulate

Ch7 Sec2.1. STRCMP(stringl, string2)

stringl: string
string2: string
result: rea

Compares two strings or string arrays. It computes the numerical difference in ASCII
character value for the first character that differs between the two strings returns a
number, > O if stringl > string2, O if they are equal and < O if stringl < string2.



Examples:

yes? list strcnmp("b",{"a","b","c"})
VARI ABLE : STRCWMP("b",{"a","b","c"})

SUBSET . 3 points (X
1 / 1. 1.000
2 [/ 2: 0.000
3 [/ 3 -1.000
yes? list strcenp({"a","b","c"}, YSEQUENCE({"a","b","c"}))
VARI ABLE :
STRCMP({"a","b","c"}, YSEQUENCE({"a", "b","c"}))
SUBSET : 3 by 3 points (X-Y)
1 2 3
1 2 3

1 / 1. 0.000 1.000 2.000
2 [/ 2: -1.000 0.000 1.000
3 [/ 3: -2.000 -1.000 0.000
yes? let a = "a longer string"
yes? list strcnp (a,"a | onger stringg")

VARI ABLE : STRCWP (a,"a |onger stringg")
-103.0

Ch7 Sec2.2. STRLEN(stringl)

stringl: string
result: real

Returns the length of the string passed in string stringl

Ch7 Sec2.3. UPCASE(stringl)

stringl: string
result: string

Returns the string passed in string stringl in al upper case characters



Ch7 Sec2.4. DNCASE(stringl)

stringl: string
result: string

Returns the string passed in string stringl in all lower case characters

Ch7 Sec2.5. STRINDEX(stringl, substring)

stringl: string
substring: string
result: rea

Locate first occurrence of substring in stringl. ReturnsaO if substring doesn't exist in
stringl. If substring contains a zero-character string (i.e. ""), the function returns 1.

Ch7 Sec2.6. STRRINDEX(stringl, substring)

stringl: string
substring: string
result: rea

L ocates last occurence of string substring in stringl. Returns a0 if substring doesn't
exist in stringl. If substring contains a zero character string (i.e. "), the function returns
the length of stringl

Ch7 Sec2.7. SUBSTRING(stringl, offset, len)

stringl: string



offset: integer

len: integer

result: string

Returns substring of length len from string stringl beginning from character offset in
stringl. If offsetisO, or if offset is greater than the length of string stringl, a NULL

valueisreturned. If length len exceeds the total length of string stringl, the value of
string stringl starting at offset is returned.

Ch7 Sec2.8. STRCAT((stringl, str2)

stringl: string
string2: string
result: string

Append acopy of string string2 onto string stringl.

Ch7 Sec2.9. STRFLOAT((stringl)

stringl: string
result: real

Return float value of string stringl (e.g. STRFLOAT("3.14"))

Ch7 Sec2.10. SPAWN command

The SPAWN command executes a Unix system command and returns the result in a
string array. The syntax SPAWN:"command” inside a string array definition allows the
output of a Unix command to be mixed with other strings.

Examples:



LET a = {"first.nc", SPAWN."Is *.nc","last.nc"}

Say we want to check whether afileisin the directory. We do not want anull result, so
start with adummy string.  If "myfile.nc” exists, there will be 2 entriesin array a.

yes? LET a = {"dumy", SPAWN "Is nyfile.nc"}

yes? LET nfiles = "a, RETURN=I END

yes? I|F "nfiles EQ 2° THEN ...

Ch7 Sec2.11. Algebraic operationswith string variables.

A number of algebraic operations are available for string variables. They are described
in the following sections.

Ch7 Sec2.11.1. Logical operatorswith strings

The operators EQ, LT, LE, ... can be applied to string variables and arrays. These
operators are case-insensitive (functions will be provided later that are case-sensitive
and include UPCASE, DNCASE)

Examples:

yes? LI ST/ NOHEAD {"a","b","c"} EQ {"A","B","C'} ! case insensitive

1 /[ 1: 1.000
2 /[ 2: 1.000
3 /[ 3: 1.000

yes? LI ST/ NOHEAD'b" GT {"a","b","c"}

1 /[ 1: 1.000
2 /[ 2: 0.000
3 / 3: 0.000



Ch7 Sec2.11.2. Shift transformation of string arrays

The shift transformation can be applied to string arrays.

For example:

yes? LET a = {"a","b","c","d"}

yes? LI ST a[i =@sHF]
{ra","b","c","d"}
shifted by 1 pts on X

e e
honbR
a0 g

1
2
3
4 :
yes? LI ST a[i =@HF: - 1]
{ra","b","c","d"}
shifted by -1 pts on X

A OWDNPEF

~ O~~~

HrohkR
(o)

Ch7 Sec2.11.3. Stringsin IF-THEN-EL SE
IF cond THEN string_arrayl EL SE string_array2

Example:

yes? LI ST/NOHEAD I F {0,1} THEN "hell 0" ELSE "goodbye"
1 / 1:"goodbye"
2 / 2:"hello"



Ch7 Sec2.11.4. String concatenation with " +":

Examples:

yes? let a = "good" + "bye"

yes? LI ST/ NOHEAD YSEQUENCE({"now', "then"})+", " + (if {0,1} THEN
"hello"+", ") + "friend"

1 [/ 1:"now, friend" "now, hello, friend"

2 [/ 2:"then, friend" "then, hello, friend"

Ch7 Sec2.11.5. Strings as Function arguments

A few functions also take strings as arguments. String arguments must be enclosed in
double quotes. For example, afunction to write variable "u" into afile named
"my_output.v5d", formatted for the VisbD program might be implemented as

LOAD WRI TE_VI S5D( " my_out put . vbd", a)
SAMPLE* functions may take string or numerical arrays as arguments

Example:

yes? LI ST/ NOHEAD SAMPLEI ({"a","b","c","d","e","f"},{3,2,,1})

1 / 1:"c
2 [ 2:"b"
3 / 3:""
4 [ 4:"a"

yes? LI ST/ NOHEAD SAMPLEJ( YSEQUENCE ({"a","b","c","d","e","f"}),
{3! 2aa1}

A OWN P
~ ~ —~ -
R
Q T 0



Ch7 Sec2.11.6. Regridding string arrays

The regridding transformations @A SN, @XACT, @NRST can be used with character
data.

Examples:

yes? LET a = {spawn:"ls *.nc"}

yes? LIST a
{SPAWN: "I s *.nc"}

1 / 1:"dl1.nc"
2 [ 2:"d2.nc"
3 /[ 3:"d3.nc"
4 /[ 4:"d4.nc"
5 /[ 5:"d5.nc"
6 /[ 6:"d6.nc"
7 [ 7:"d7.nc"

yes? DEFINE AXI S/ X=0.1:0.7:.1 xasn
yes? LI ST a] gx=xasn@\SN|

{SPAWN. "I s *.nc"}

regrid: 0.1 delta on X@ASN

0.1 / 1:"dl1.nc
0.2 [ 2:"d2.nc"
0.3 /[ 3:"d3.nc"
0.4 /[ 4:"d4.nc"
0.5 / 5:"d5.nc"
0.6 /[ 6:"d6.nc"
0.7 [ 7:"d7.nc"

yes? DEFI NE AXI S/ X=1:6:.5 xxact
yes: LI ST a[ gx=xxact @XACT]
{SPAWN: "I s *.nc"}
regrid: 0.5 delta on X@ACT

1 [/ 1:"d1.nc"
1.5 [/ 2:""
2 [/ 3:"d2.nc"
2.5 [ 4"
3 [/ 5:"d3.nc"
3.5 / 6:""
4 [ 7:"d4.nc"
4.5 [ 8 ""
5 [ 9:"d5.nc"



55 [ 10:""
6 /[ 11:"d6.nc"

yes? DEFI NE AXI S/ X=1: 6:.4 xnrst

yes? LI ST a[ gx=xnr st @GNRST]
{SPAWN: "I s *.nc"}
regrid: 0.4 delta on X@\RST

"dl. nc"

"dl. nc"

"d2. nc"

"d2. nc"

"d3. nc"

"d3. nc"

"d3. nc"

"d4. nc"

"d4. nc"

10: "d5. nc"

11:"d5. nc"

12: " d5. nc"

13:"d6. nc"

14: " d6. nc"

oo hbhOOWONNERRE
O N0~ O N0~
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CoNORWNR

N oo B~

Ch7 Sec2.12. NetCDF input and output of string data

String variables can be input and output to NetCDF files. In thefilethe string axisis
the fastest moving dimension and all strings are the same length (equal to the maximum
length of the strings being written). Extra character spaces are padded with nulls. If
variable length strings are written out, then when read back they will again be variable
length.

Example:

yes? SAVE/ CLOBBER/ FI LE=t est _stri ng. cdf / HEADI NG=enhanced a[i =2: 4]

Ch7 Sec3. SYMBOL COMMANDS



The following are the relevant commands:
DEFINE SYMBOL

usage:

DEFINE SYMBOL symbol _name = string

SHOW SYMBOL
usage:
SHOW SYMBOL/ALL
SHOW SYMBOL symbol_name

SHOW SYMBOL partial_name

CANCEL SYMBOL
usage:
CANCEL SYMBOL/ALL
CANCEL SYMBOL symbol _name

Legal symbol names must begin with aletter and contain only letters, digits,
underscores, and dollar signs.

To invoke symbol substitution—the replacement of the symbol name with its (text)
value—within a Ferret command include the name of the symbol preceded by a dollar
sign in parentheses.

For example,



yes? DEFINE SYMBCL hi = hell o everyone
yes? MESSAGE ($hi) I issues "hello everyone" nsg

It is also possible to nest symbol definitions, as the following commandsiillustrate:

yes? DEFI NE SYMBCL | abel _2 = My test | abe
yes? DEFI NE SYMBOL nunber = 2
yes? SAY ($l abel ($nunber))

My test | abel

Ch7 Sec4. AUTOMATICALLY GENERATED SYMBOLS

A number of useful symbols are automatically defined whenever Ferret sets up aplot.
Following any plotting command issue the command SHOW SYMBOLS/ALL toseea
list. Consult the PLOT PLUSTfor Ferret Users Guide (section "General Global
Symbols") for detailed descriptions of the plot symbols. For example, if we wish to
place alabel “hello” at the upper right corner of a plot we might do the following

yes? PLOT/1=1:100 SIN(I/6)
yes? LABEL/ NOUSER ($ppl $xl en) ($ppl $ylen) 1 0 .2 hello

This labeling procedure would work regardless of the aspect ratio of the plot. Use the
command SHOW SYMBOL/ALL to see the symbols (and see " Genera Global
Symbols' inthe PLOT+ Users Guide).

Ch7 Sec5. USE WITH EMBEDDED EXPRESSIONS

When used together with Ferret embedded expressions symbols can be used to perform
arithmetic on the plot geometry. For example, this command will locate the plot titlein
bold at the center of a plot regardless of the aspect ratio:

yes? LABEL/ NOUSER ° ($ppl $xl en)/ 2" " ($ppl $ylen)/2° 0 0 .2
@\C( $l abtit)



Ch7 Sec6. ORDER OF STRING SUBSTITUTIONS

The above example illustrates that the order in which Ferret performs string
substitutions and eval uates immediate mode expressions in the command line is
significant. The successful evaluation of the embedded expression

T ($ppl $xl en)/ 2" requiresthat ($ppl $xI en) is evaluated before attempting the
divide by 2 operation. The order of Ferret string substitutionsis as follows:

1. substitute "GO" command arguments of the form "$1", "$2", ...

2. substitute symbols of the form ($symbol _name) (discussed here)

3. substitute command aliases

4. substitute immediate mode expressions. (But see example 3 below).
Example 1

If the script snoopy.jnl contains

DEFI NE SYMBOL fcn = $1
DEFI NE ALI AS ANSWER LI ST/ NOHEAD/ FORMAT=("Result is ", $2)
ANSVER "~ ($fcn) (($372)/2) " +5

then the command

yes? GO snoopy EXP F5.2 2.25

would evaluate to

DEFI NE SYMBOL fcn = EXP
DEFI NE ALI AS ANSVER LI ST/ NOHEAD/ FORMAT=("Result is ", F5. 2)
LI ST/ NOHEAD/ FORMAT=("Result is ", F5.2) " EXP((2.25"2)/2)  +5

and would result in Ferret output of "Result is 17.57."



Example 2

We can use grave accent syntax and string variables to substitute the string into the
command line.

yes? LET nmy_reg = "X=0:180, Y=-40: 40, L=1"
yes? SHADE sst[ ny_reg |

Example 3

Immediate mode substitution of a string variable may be used to set the values of
gualifiers. However the region qualifiers (/X=/Y =etc.) on acommand are used to set the
context for the grave accent expression. So Ferret parses command qualifiers before it
parses grave accent expressions. Thus we can use this syntax to set aregion:

yes? let xreg "40: 180"

yes? let yreg "60S: 425"

yes? set region/x="xreg /y=yreg

But including the qualifier name in the string variable is NOT valid (the qualifier is
parsed BEFORE the grave accent expression is substituted, so Ferret would issue the
error that “‘my_region’ is an unknown qualifier).

yes? ! THE FOLLOWN NG SYNTAX |'S NOT VALID

yes? LET ny_region = "x=40: 180/ y=-60:-42"; set region/ ny_region

Ch7 Sec7. CUSTOMIZING THE POSITION AND STYLE OF
PLOT LABELS

All of the plot labels generated by Ferret are automatically defined as symbols. This
includes the title ($labtit), X and Y axis labels ($labx),($laby), as well as the position
labels (latitude, longitude, depth, time), which are normally placed at the upper left on a
plot (see"Labels,”" p. 173). Sometimesit is desirable to change the location, size or



fonts of these labels. The symbol facility makesit possible to do thisin away that is
independent of the particular label strings or plot aspect ratio. See the demonstration
script symbol_demo.jnl for an example.

Ch7 Sec8. USING SYMBOLSIN COMMAND FILES

Often in Ferret command files the identical argument substitutions must be repeated at
several pointsin thefile. Using symbolsit is possible to write "cleaner” Ferret scriptsin
which the argument substitution occurs only once—to define a symbol which isused in
place of the argument thereafter. See the demonstration script symbol _demo.jnl for an
example.

Ch7 Sec9. PLOT+ STRING EDITING TOOLS

The PLOT+ program provides a variety of tools for editing symbol strings. See the
PLOT+ Users Guide for further information (p. 512). The specia functions manipulate

and reformat character strings.

Note that many of these functions are handled directly by Ferret string functions such as
STRINDEX, STRLEN, SUBSTRING, etc (p. 210).

The general format is SET sym $function(argl, arg2,...). The functions are:

$EDIT(symbol ,argument) Edit a symbol: change to uppercase, remove
extra blanks, or remove al blanks

SEXTRACT (start,length,symbol) Extracts selected characters from the input
string.
SINTEGER(symbol) Convertsa number to integer format

$LENGTH(symbol) Returns the length of the input string



$LOCATE(substring,symbol) L ocates a substring in the input string

$ELEMENT (position,delimiter,symbol) Extracts an element from an input string in
which the elements are separated by a
specified delimiter.

Example:

yes? DEFI NE SYMBCOL test = ny string

yes? PPL SET upper_test $EDI T(test, COWRESS)
yes? SHOW SYMBOL upper _test

UPPER_TEST = "ny string"

Ch7 Sec10. SYMBOL EDITING

Symbols may be edited and checked using the same controls that apply to journal file
arguments.

The section of this users guide entitled "Arguments to GO tools" (p 25) describes the
syntax for checking and editing arguments. The identical syntax appliesto symbols. As
with the GO tool arguments (e.g., "$4"), all string manipulations are case insensitive.

In brief, the capabilities include:

default strings

If asymbol is undefined a default value may be provided using the pattern
($my_symbol%my default string%). For example,

( $SHAPEYXY%)
check against list of acceptable values

A list of acceptable string values may be provided using the pattern



($my_symbol %o|option 1|option 2|%). For example,

($SHAPE% X| Y| Z| T| %

will ensure that only 1-dimensional shapes (X, Y, Z, or T) are acceptable.
string substitution

Any of the optional string matches provided can invoke a substitution using the pattern
($my_symbol %|option 1>replacement|%). For example,

( $SHAPEY X>1 | Y>J| Z>K| T>L| 9%

will substitute | for X or Jfor Y, etc.

Asterisk ("*") provides default substitution

The asterisk character matches any string. For example,
( $SHAPE% X| Y| Z| T| *>ot her %

will alwaysresultin"X," "Y," "Z" "T," or "other."
Asterisk ("*") provideslimited string editing

The asterisk character, when used on the right hand side of a string substitution, inserts
the original symbol contents

( $SHAPE% *>The shape is *| %
error message control

An error message can be provided if the symbol is undefined or doesn't match any
options. The pattern for thisis
($my_symbol %o|option 1joption 2|<error message text %). For example,

($SHAPEY% X| Y| Z| T| <Not a 1-di nensi onal shape%



Ch7 Secll. SPECIAL SYMBOLS

PPLUS defines a number of global symbolswhich are available to the user. They are
documented in the PPLUS Users Guide, section 7.3, and listed in the chapter

"Customizing Plots', section PPLUS specia symbols (p.198).

There are afew symbols, generated automatically by plots, which are not documented
inthe PLOT PLUSfor Ferret Users Guide. Those are shown like all symbols by SHOW
SYMBOLS, but cannot be redefined by the user.

PPL$XPI XEL
PPL$YPI XEL

the number of pixelsin the horizontal (X) and vertical (Y) size of the current Ferret
output window. Note: these are"0" if thereis no current window -- hence they can be
used as atest of whether there is an open window.

BYTEORDER

gives"BIG" or "LITTLE" according to endianness of the CPU
FERRET_VERSI ON

FERRET_PLATFORM

give the Ferret version and the platform Ferret is running on.

SESSI ON_DATE
SESSI ON_TI ME

gives the date and time when the current session began.



http://www.ferret.noaa.gov/Ferret/Documentation/PPLUS_Users_Guide/pplus_users_guide.html

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 8: WORKING WITH SPECIAL
DATA SETS

Ch8 Secl. WHAT ISNON-GRIDDED DATA?

Many data sets which are not normally regarded as "gridded" can nonetheless be
managed, analyzed, and visualized effectively in agridded data framework. Track lines,
"point data’, etc. are common examples of "non-gridded” data. Profiles and time series,
although they are individually ssmple one-dimensional grids, have a non-gridded
structure when considered as a collection, which is often essential.

This chapter addresses a number of classes of non-gridded data sets and offers
approaches that make it straightforward to work with these data types in Ferret's gridded
dataframework. The approaches are all conceived to facilitate a fusion of these data
types—so that multiple data types may be easily combined in calculations..

"Point data"' refers to collections of values at scattered locations and times. An example
would be the column burden of oceanic NO3 and the scattered |ocations and times at
which the measurements were made.

. If at each point of the data scattered there is a vertical profile of values then see
COLLECTIONS OF VERTICAL PROFILES (p. 227).

. |If at each point of the data scattered there is atime series of values then see
COLLECTIONS OF TIME SERIES (p. 230).

. If a each point of the data scattered thereis a 2-dimensional grid inthe ZT plane
then see COLLECTIONS OF TIME SERIES (p. 230).

. |If at each point of the data scattered there is atime series of values then see
COLLECTIONS OF TIME SERIES (p. 230).

Ch8 Sec2. POINT DATA

In agridded context point datais best viewed as a collection of 1-dimensional variables,
where the axis of each variableistheindex value, 1, 2, 3, ... of theindividual point in
the scatter. Thus, continuing our example of an oceanic NO3 data set, we would want to
view this as four variables, longitude, latitude, date, and burden, where each variable
was defined on a one-dimensional axis of earthquake number. Typically, this sort of



datais organized in atable of the form

Index longitude latitude year month day NO3
1 160 30 1968 11 -999 6.2
2 33.1 60.2 1992 5 13 55

Ch8 Sec2.1. Getting point data into Ferret

Since point data sets are most commonly available in table form, where the columns of
the table are the variables and each row of the table is a separate point. In the chapter
"Data Set Basics', section "Reading ASCII Files' (p. 45), example 2 and subsequent

examples show how such afile might be read into Ferret.

For example, let us suppose that the file above is introduced to Ferret with the
command

yes? FI LE/ VAR="i ndex, | on, | at, yr, m, day, NOB"/ SKI P=1 ny_data fil e. dat
yes? SHOW DATA ny_data fil e. dat

currently SET data sets:
1> ./ny _data file.dat (default)

name title I J K
LON - LON 1: 20480
LA%- LAT 1: 20480
YR“. YR 1: 20480

VN VN 1: 20480



DAY DAY 1: 20480

NC3 NG3 1: 20480

Note that the SET VARIABLE command would normally be used as well to assign
titles, units, and missing value flags to the variables.

Also note that until the first datais actually requested from the file, Ferret does not
know the size of the file. The /GRID= option may be used to tell Ferret what size to
expect. Lacking a/GRID specification the "1:20480" is the size of the default grid "EZ."
After the first data access SHOW GRID will reveal the true size of thefile, instead. If
the size still appears to be 20480 it may be that the default grid EZ was not large
enough, and the /GRID qualifier must be used to pre-allocate sufficient space.

Ch8 Sec2.2. How point dataisstructured in Ferret

In table form (above) each column represents a dependent variable; the column for
"burden” and the column for "latitude" have equal status. In many casesthisisan
adequate representation. For example, aplot of NO3 burden versus latitude could be
produced with the command

yes? PLOT/VS | at, NO3

To combine point data organized in tables with gridded data sources, say a gridded field
of oceanic temperature two approaches are available. Either the gridded data may be
viewed in the structure of the table, or the scattered data may be viewed in a geo-
referenced 1-dimensional grid structure. The problem to be solved determines which
approach is suitable. The next two sections describe these two approaches.

Ch8 Sec2.2.1. Working with dates

Ferret V5.0 does not understand formatted dates inside of generic data ASCI| files. To
use the dates intelligibly inside of Ferret you



1. Needto get the year, month, and day fields broken out separately or provide a Julian
day. SET DATA/FORMAT=DELIMITED (p. 372) is helpful for inputting date

information.

2. Can create a Julian date from year, month, day using function DAY S1900. If atime
origin other that 1-jan-1900 is needed subtract DAY S1900(yearO, mon0, day0). For help
in creating the dates, see the FAQ, "How can | create atime axis from variables

containing year, month, day, etc?" at
http://ferret.pmel.noaa.gov/Ferret/FAQ/axes_and data/time_axis from_variables.html

3. Can create an axis of dates as done in the preceding latitude axis example.

See the chapter "Grids and Regions', section "Time" (p. 148) and the section in the

chapter "Converting to NetCDF" on "Converting time word data to numerical data" (p.
260) for details of creating time axes.

Ch8 Sec2.3. Subsampling gridded fields onto point locations and
times

Ferret can be used as atool to extract variables from gridded data sets at time/space
locations to match the scatter of the point data. In thisform they may, effectively, be
combined into the table of dataread from the ASCII (or binary) file. For example,
suppose we want to obtain values of sea surface temperature at the locations of our NO3
samples, from a climatological annual average SST field. This may be accomplished
simply with

yes? use coads cli matol ogy

yes? let ssttav sst[l=1:12@ve]

yes? let ny_lon | on[ d=ny_data file.dat]

yes? let ny_|at | at [ d=my_data file.dat]

yes? LET sst_xy SAMPLEXY(ssttav, ny_lon, my_|at)

Suppose that instead we defined our XY sampling based upon the 12 month time series
of SST gridsasin

yes? LET sst_xy = SAMPLEXY(sst, ny_lon, ny_I|at)


http://ferret.pmel.noaa.gov/Ferret/FAQ/axes_and_data/time_axis_from_variables.html
http://ferret.pmel.noaa.gov/Ferret/FAQ/axes_and_data/time_axis_from_variables.html

The variable sst_xy as defined above would then have atwo-dimensional structure:
sample index by 12 months. To sample thisin time we use

yes? LET sst_t = SAMPLET DATE(sst xy, 0, nm, day, O, 0, 0)
Note that the year is entered ssimply as 0, since SST is a climatological variable.

In this example we sampled afield in X, Y, and T. The sst data was sampled at each
time. If we were sampling afield which had aZ axis, that axiswould be inherited from
the first argument to SAMPLEXY in the same way; it would be sampled at the (x,y)
points at each Z level.

Ch8 Sec2.4. Defining gridded variables from point data

There are functions to interpol ate scattered data onto a grid. See the scat2gridgauss and
scat2gridlaplace functions (p. 87 ff). These functions map irregular locations to a

regular grid.

For some calculations one may want to let Ferret know which of the variables are
dependent (measurements) and which are independent (coordinates). For example,
suppose we wish to compute the average column burden of NO3 as a function of
|atitude. Burden hereis an integral of the concentration NO3 over depth. We will want
to see our variable burden on an axis of latitude.

The stepsto do thisare

1. Ingenerd, thelatitude variable will not be sorted into strictly increasing order —
needed to create an axis. Determine the sorting order for latitude using

yes? LET lat_index = SORTI (Il at)

2. Createalatitude grid

yes? DEFI NE AXI S/ FROM NAME=| at _ax/ Y/ UNI TS=degr ees SAMPLEI (I at,
| at _i ndex)
yes? DEFINE GRI D/ Y=l at _ax gl at
yes? LET NEW = Y[g=glat] ! a dunmy variable to use in RESHAPE



bel ow

3. Define your function for the burden based on the variable NO3, on the command
line or using your script my_brdn.jnl.

yes? GO ny_brdn NO3 burden

4. Defineanew variable burden_on_lat using this axis

yes? LET sorted_burden = SAVPLEI (burden, |at_index)
yes? LET burden_on_| at = RESHAPE( sorted_burden, new )

5. Now, to plot the NO3 burden averaged into 5 degree latitude bands we could use

yes? PLOT burden_on_I| at[ Y=60s: 30n: 5@AVE]

Ch8 Sec2.5. Visualization techniquesfor point data

Scattered point data can be displayed in a number of ways.

A simple scatter plot showing the locations of points

yes? PLOT/ VS | on, | at
yes? GO | and

Use GO hel p land for an explanation of resolving incompatible longitude encodings,
should they arise.

A scatter plot in which the symbols are colored by value with control over the color
pal ette and resol ution can be made using the polymark.jnl script. For example, to plot
using stars symbolsin color levels by 10s use

yes? GO pol ymark POLYGON LEV=(0, 100, 10) lon |at NO3 star.

Type GO HELP polymark for more options.



See a so the chapter " Customizing Plots", section "Map Projections’ (p. 201) for

guidance on plotting scattered data. The map projection scripts can be used in
conjunction with the above.

Ch8 Sec3. VERTICAL PROFILES

A single profile, possibly consisting of multiple variables, can be regarded as asimple 1-
dimensional data set. Ferret's plotting and analysis tools apply in a straightforward
manner.

Collections of profiles resemble point data setsin their X,Y, and T structure, however at
each point thereis a 1-dimensional Z-axis structure. In general, the Z axes at each point
may differ.

Ch8 Sec3.1. How collections of profilesare structured in Ferret

If the collection of profilesis sufficiently small (say 4 or fewer) thenitis
straightforward to handle them simply as 4 separate data sets. The D= qualifier may be
used to designate which profile isbeing referred to. The IF ... THEN ... EL SE syntax
may be used to combine the profilesinto expressions.

As the number of profilesin the collection grows larger, however, it becomes necessary
to merge them into asingle structure. Typically, the sequence number of the profile, 1,
2, ...,N, becomes the X axis of the collection. The longitude, latitude, and time of each
profile become dependent variables indexed by the sequence number. The Z structures
of the profiles are blended into asingle Z axis by a choice of techniques. The steps to
creating a blended data set then become:

1. Determinethe nature of the Z axisto be used and the collection of variablesto be
defined on the grid

2. Create an empty grid with the desired structure in afile

3. Populate the file with the profiles, each profile in turn.



The determination of the Z axis structure may be by any of these techniques:

1. Supply an arbitrary Z axisto which all of the individual profiles will be regridded
by linear interpolation. This technique produces a data set which is very easy to work
with and small in size, however, some of the data have been atered by linear
interpolation. The default Ferret regridding (GZ=@LIN) is used for this technique.

2. CreateaZ axiswhich isasuperset of the Z axis points from all of the grids. In the
final data set this axis will be sparsely populated, containing only those Z points that
were actually present in each profile.

This technique produces a data set which is 100% faithful to the original dataand
reasonably easy to work with, but may become very large if the number of profilesis
large and the Z axes vary greatly. Ferret "exact match" regridding (GZ=@XACT) is
used for this technique.

3. Do not create aZ axis at all — instead store the Z coordinates as a dependent
variable. The Z axis becomes simply an index counter of length equal to the longest
profile. This technique produces a data set which is 100% faithful to the original data
and of modest size, however it is the most |aborious to work with.

The choice of technigue depends on the nature of the profile collection and the types of
analysis or visualization to be done. Often it is desirable to combine technique 1, which
is fast and ssimple with 2 or 3, which can be used for spot checking if thereis a question
of datafidelity. If method 3 is chosen (Z coordinates in a dependent variable) the
techniques for handling the variables are very similar to sigma coordinate data,
described in a separate section of this chapter (p. 231).

Ch8 Sec3.2. Getting profiledatainto Ferret

As of 4/99 the approaches to merging collections of profilesinto asingle structure are
still "manual." (Datawhich are stored as global attributesin the input files, asisdonein
EPIC files, arelost in this process.) This text describes an example of the manual
process used, where the target Z axisis created arbitrarily and data are interpolated to it.
In this example the profiles are read from ASCI| files, so the Z axis of each profile has
to be created. This example does not save the longitude, latitude, and time positions of



the casts.

I for this exanple we begin by manufacturing sone data

I ... pretend this is one of your casts - unequal vertical spacing
LI ST/ FI LE=t est _cast . dat / NOHEAD/ FORM=( 2F) /1 =1: 10 10*i +randu(i),
sin(i/6)

I create a grid suitable for ALL casts together

I make the points regular in X and Z ... they need not be, however
DEFI NE AXI S/ DEPTH Z=0: 1000: 20/ UNI T=nreters zall ! Arbitrarty z axis
DEFI NE AXI S/ X=0: 9: 1/ UNI T="sequence" xal

DEFI NE CGRI D/ X=xal | / Z=zal | gal |

I create an enpty output file

' if we were reading netCDF files we would create variables to hold
I longitude, latitude, and tinme (year, nonth, day).

I Alatitude output variable, for exanple, is created bel ow

LET outvar = 1/0 * x[g=gall] * z[g=gall]

SET VARI ABLE/ TI TLE="My nerged var"/UN TS="ny units" outvar
SAVE/ Fl LE=al | _casts.cdf/ILI M TS=1: 10/ ZLI M TS=0: 1000 out var
LET LAT = 1/0*X gx=gal | ]

SET VARI ABLE/ TI TLE="Latitude"/ UNI TS="degrees" | at

SAVE/ APPEND/ FI LE=al | _casts. cdf/ILIM TS=1: 10 | at

I read in a single cast (the fake data we created)
' if we were reading a NetCDF file this block would be unnecessary
FI LE/ VAR=dept h, i nvar test cast. dat

I make Z axis for 1 profile
DEFI NE AXI S/ Z/ DEPTH UNI T=neters zlcast =depth

DEFI NE AXI S/ X=0: 0: 1/ UNI T="sequence" xlcast I sequence no. of 1st
cast

DEFI NE CGRI D/ X=x1cast/ Z=z1lcast glcast

CANC DATA 1

I save first cast interpolated to many-point Z axis
FI LE/ VAR="- i nvar"/ GRI D=glcast test_cast. dat

LET outvar = invar[g=gall]

SAVE/ APPENDY FI LE=al | _casts. cdf outvar[l=1]

CANC DATA 1



I if available, output latitude thusly
! LET lat = O0*X[g=gall] + RESHAPE( Y[ G=i nvar], X[ gx=gal | ])
! SAVE/ append/file=all _casts.cdf lat[l=1]

I save next cast

DEFI NE AXI S/ X=1: 1: 1/ UNI T="sequence" xlcast I X position of 2nd
cast

FI LE/ VAR="- | invar"/gri d=glcast test cast 2. dat

SAVE/ APPENDY FI LE=al | _casts. cdf outvar[Il=2]

CANC DATA 1

I etc for next 8 casts ...

I This may be automated wth: REPEAT/ 1 =1: 10 GO out put _one_profile
I where the script output_one profile.jnl reads profile file nanes

I froma |list

The output data set which we create will be structured as follows:
yes? CANCEL VAR/ ALL

yes? USE all casts
yes? SHOW DATA
currently SET data sets:
1> ./all _casts.cdf (default)

name title I J K
L

QUTVAR W nerged var 1:10 C 1:51

LAT Lati tude 1:10

Ch8 Sec3.3. Defining vertical sections from profiles

In the data set created above the profiles may or may not be ordered as needed to create
avalid section. There are many possible waysto order the data. Often more than one
technique is applicable to a single data set. The data may be ordered along a ship track,
ordered by increasing latitude, ordered by path distance along aregression line, etc.



Continuing with the example above, we can order the profilesinto increasing latitude
with:

yes? let order = SORTI (| at)
yes? let section = SAVPLEI (outvar, order)

Other definitions of the variable order may be created by straightforward means to apply
other ordering principles.

As defined above, "section” has an X axiswhich isthevalues 1, 2, 3,...N from the Ferret
ABSTRACT axis. To cast this on a proper latitude axis, use these two steps.

yes? DEFI NE AXI S/ Y/ UNl TS=degrees yax_sect =SAVPLEI (| at, order)
yes? LET ysection = RESHAPE(section, Y[ gy=yax_sect] +Z[ gz=al | ])

Ch8 Sec3.4. Visualization and analysistechniquesfor profile
sections

The variables "section" and "ysection" defined above may be plotted and analyzed with
the normal gridded plot commands. For examples,

yes? CONTOUR section ! contour plot ordered on X=1,2,3,...

yes? FILL ysection I color contour plot on formatted | atitude axis
yes? PLOT/ Y=20S/ Z=100: 500 ysection ! profile at 20 south
yes? PLOT ysection[ Z=@ oc: 20] I depth of 20 degree isotherm

Ch8 Sec3.5. Subsampling gridded fields onto profile
coordinates

The technique described for sampling grids at scattered point values will work
unmodified for collections of vertical profiles. The Z coordinate of the gridded variable
will be retained unmodified throughout the sampling operations. Regrid the final result



variable to other Z axes as desired.

Ch8 Sec4. COLLECTIONSOF TIME SERIES

Handling of collections of time series is analogous to handling collections of vertical
profiles, described above. The choices of

1. asingleinterpolated time axis (using the default, GT=@LIN, regridding)
2. asuper-set of al times axis (using "exact match," GT=@XACT, regridding)

should be considered. Choice 3, in which time would be handled as an independent
variable, is possible, but awkward, due to the multiplicity of time encodings.

Ch8 Sec5. COLLECTIONSOF 2-DIMENSIONAL GRIDS

Handling collections of 2-dimensional grids (e.g. ZT grids from acoustic current
profilers) is a straightforward extension of the techniques described under collections of
profiles. If the time axes of the input grids are al identical, no additional work is needed
beyond the techniques described there. If the time axes differ then follow the guidance
given under Collections of Time Series, using intermediate variable definitions that
reconcile the time axes into a single uniform axis before saving the input variablesinto a
merged output file.

Ch8 Sec6. LAGRANGIAN DATA

Lagrangian data (ship tracks, drifters, etc.) isaspecial case of scattered point data
described in a preceding section. In the terminology of "Defining gridded variables from
point data' Lagrangian datais simply point data organized onto a 1-dimensional time
axisgrid.



Ch8 Sec6.1. Visualization techniquesfor Lagrangian data

Ferret has severa visualization tools that specifically address the needs of Lagrangian
data. There are three scripts:

polymark (polymark_demo)  marks value-colored symbol at each location

polytube (polytube_demo) creates aline following the Lagrangian track with
color varying according to a Lagrangian variable

trackplot (trackplot_demo) creates aline plot of a Lagrangian variable where the
zero line of the plot follows the Lagrangian track

Overlays of the trackplot script are useful to visualize more than one variable. Run the
demonstration scripts noted above for each tool for an example of its use with
L agrangian data.

Ch8 Sec7. SSIGMA COORDINATE DATA

With sigma coordinate data the vertical coordinate (or layer thickness) isavailable asa
dependent variable and the Z axis of the sigma-encoded variablesislayer number (the Z
index). Thisis precisely analogous to method 3 of handling collections of profiles,
above.

See also the FAQ on Using Sigma Coordinates.

Ch8 Sec7.1. Visualization techniquesfor sigma coor dinate data

Visualizations of sigma coordinate datain vertical section planes are best handled with
the 3-argument versions of the SHADE, FILL, CONTOUR and VECTOR commands.

See further information in Customizing Plots (, p. 165).


http://www.ferret.noaa.gov/Ferret/FAQ/data_management/sigma_coordinate_demo.html

For visualization of sigma coordinate data in other planes or orientations use the
techniques described in the next section.

Ch8 Sec7.2. Analysistechniquesfor sigma coordinate data

Analysis of sigma coordinate data, which requires shifting to depth or pressure
coordinates, is facilitated by the function ZAXREPLACE, which converts from layer
number to other vertical coordinate axes. See sigma_coordinate_demo.jnl for an
example. If the data set provides layer thickness rather than depth a depth variable may
be created using integration with @iin.

Ch8 Sec8. CURVILINEAR COORDINATE DATA

By "curvilinear coordinate data" we refer to datawhich is curvilinear in the XY plane
there. We presume that the X,Y coordinates (typically longitude, latitude) are available
through other dependent variables.

Ch8 Sec8.1. Visualization techniquesfor curvilinear coordinate
data

Visualizations of curvilinear coordinate datain the XY plane section planes are best
handled with the 3-argument versions of the SHADE, FILL, and Contour commands.
See further information in the chapter "Customizing Plots" (p. 165).

For visualization of curvilinear coordinate datain other planes or orientations use the
techniques described under "Analysis techniques for curvilinear coordinate data."

Ch8 Sec8.2. Analysistechniquesfor curvilinear coordinate data



Analysis of curvilinear coordinate data may be done in the curvilinear coordinate system
or in arectilinear (including lat-long) coordinate system. If the analysisis donein the
curvilinear coordinate system, it is the responsibility of the user to ensure that the proper
geometric factor are applied when integrals and derivatives are computed. Converting
other fieldsto the curvilinear coordinate system is most easily accomplished with the
function SAMPLEXY.

To perform the analysis in arectilinear coordinate system, the conversion of the
curvilinear datais most easily done with SAMPLEXY _CURV (under
development—~6/00 ).

Ch8 Sec9. POLYGONAL DATA

By "polygonal data’ we refer to a class of point data set where each point represents a
polygonal region rather than a single coordinate. An example of polygonal datawould
be avalue associated with each state in the United States.

Ch8 Sec9.1. Visualization techniquesfor polygonal data

Visualizations of polygonal datais best handled with the POLY GON command. If the
coordinates of the polygon vertices are available in 2-dimensional arrays, XPOLY and
YPOLY, in which the axes of the arrays are the polygon vertices and the sequence of
polygons the use of the POLY GON command is straightforward. The POLY GON
command can also handle sequences of polygons encoded in 1-dimensional arrays with
missing values separating each polygon.

Ch8 Sec9.2. Analysistechniquesfor polygonal data

Ferret version 5.0 does not have any tools specifically addressing the analysis of
polygonal data sets. The analysis of these data setsin Ferret requires the creation of a
gridded mask field corresponding to the polygonal regions (an external function could
be written that would create a gridded mask of arbitrary resolution from polygonal



coordinates.)

Once the mask is created, the standard gridded operators for averaging, integrating, etc.
can be used. For example, if variable cal_mask contains a gridded mask of the state of
Californiaon latitude and longitude axes of 10 minute resolution then this definition
would compute the average of agridded variable, var, over California:

yes? let cal _var = nmask * var[g=nask]
yes? |l et cal _average = cal _var[x=@ve, y=@ve]

For help with Ferret see our Support Policy

Last modified: December 16, 2004
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Chapter 9: COMPUTING ENVIRONMENT

Ch9 Secl. SETTING UP TO RUN FERRET

This discussion assumes that Ferret is already istalled on your system. Installation
documentation is avail able separately from the Ferret Downloads web page

STEP1

Execute interactively or add to your .login file the Unix C-shell command

% source /usr/local/ferret_paths

(Note: If thiscommand doesn't work consult your system manager, who may have
placed ferret_paths in adifferent directory.)

The Ferret program requires access to several files and directories. These Unix paths are
stored in environment variables defined by the file "ferret_paths'. Y our Unix account
must be "made aware" of where the Ferret utilities are located. Thisis done by adding
to the definition of your environment variable PATH the directory "$FER_DIR/bin".
Unless your system manager has modified the typical setup, thiswill occur
automatically when you execute the above command.

STEP 2 (personal customization—optional)

Execute the "cp" command below:

% cp $FER DIR/ bin/ny_ferret_paths_tenplate \
$HOVE/ ny_ferret _paths

Then use atext editor to customize my_ferret_paths. Instructions are inside the file.

Some of the Ferret environment variables identify files and directories that are integral
to the Ferret program, but others identify files that you may maintain—your datafiles,
GO scripts, and palette files, for example. (The environment variables that you may
want to customize are discussed at the end of this section.) To assist in customizing the
Ferret environment variables the template filein the "cp" command, above, has been
provided. Thefileis self-explanatory.


http://www.ferret.noaa.gov/Ferret/Downloads/ferret_downloads.html

STEP3

Execute the command below interactively or add it to your .login file.

% set env DI SPLAY node: 0.0 e.g., %setenv DI SPLAY anorak: 0.0

This command sets the environment variable "DISPLAY" to point to the workstation
console or X-terminal where you want Ferret graphical output displayed. In the example
above, graphical output is directed to the screen of workstation "anorak.” The X display
must be set for indexed color (a.k.a. pseudo-color); amaximum of 65K colors.

Ch9 Sec2. FILESAND ENVIRONMENT VARIABLESUSED
BY FERRET

ferret—the Ferret initialization file. This optional file holds alist of Ferret commands
that will be executed immediately each time Ferret is started, permitting Ferret to be
tailored to individual needs and styles. The file must be located in your $SHOME (login)
directory. A ssmple way to set up such afileisto enter Ferret, enter the commands that
you want executed each time you enter Ferret, exit Ferret and rename the file "ferret.jnl"
to ".ferret". Thereafter, all commandsin ".ferret" will be executed automatically
whenever you enter Ferret.

The following environment variables are defined in the file ferret_paths:

FER_DATA—alist of directories to be searched to locate data files. Usually thislist

includes".", the current directory, and $FER_DSETS/data, a directory of sample data
sets provided with Ferret. Y our system manager may have set this variable to include
other data areas aswell. Thisisthelist of directories searched to locate NetCDF files.

FER DESCR—alist of directoriesto be searched to locate descriptor files. Descriptors
arerequired by Ferret to access data sets that are in Ferret's"GT" (grids at timesteps) or

"TS" (time series) formats. Usually thislist includes".", the current directory, and
$FER DSETS/descr, adirectory of sample descriptors provided with Ferret.

FER_GRIDS—alist of directoriesto be searched to |locate grid definition files. Data



setswill usually have a grid definition file associated with them so that the grids on
which the data are defined may be known.

FER_DIR—top directory of the Ferret distribution on your system.
FER_DSETS—directory of sample data sets provided with the Ferret distribution.
FER PALETTE—alist of directoriesto be searched to locate palette files. Usually this

list includes"." and $FER_DIR/ppl. Note that to assist you in choosing a good palette
for your plot, thereisan FAQ, How can | find a good color palette for my plot? at

http://ferret.pmel.noaa.gov/Ferret/FA Q/graphics/col orpal ettes.html

FER _GO—alist of directories to be searched to locate GO scripts. Thislist usually
includes".", $FER_DIR/go, $FER_DIR/examples (demonstrations and tutorial), and
$FER_DIR/contrib (user contributions demonstrating various applications; accuracy not
guaranteed).

FER_EXTERNAL_FUNCTIONS—alist of directoriesto be searched to locate the
shared object files (.so files) for external functions. By default this list includes the
location of the example functions and the functions included with the Ferret
distribution.

Ch9 Sec3. MEMORY USE

Ferret indicates memory problems by issuing the error message "insufficient memory."
If memory is a problem running Ferret the following suggestions may help:

1) Usethe command SET MEMORY/SIZE=nnn to increase the memory cache region
available to Ferret.

2) Usethe command SET MODE DESPERATE to determine the threshold size of
memory objects at which Ferret will break alarge calculation into fragments. A smaller
argument value will induce stricter memory management but at a penalty in
performance.

3) Use CANCEL MEMORY whenever you are sure that the data referenced thus far


http://ferret.pmel.noaa.gov/Ferret/FAQ/graphics/colorpalettes.html#_TN_Ref_viewaxes_b

by Ferret will not be referenced again. Thisis particularly appropriate to batch
procedures that use Ferret. This eliminates any memory fragmentation that may be left
by previous commands.

4) Use CANCEL MODE SEGMENTS to minimize the memory usage by graphics
(on a few X-window systems this may prevent windows from being restored after they
are obscured).

5) When using DEFINE VARIABLE (alias LET) avoid embedding upper and lower
axis bounds within the variable definition. Ferret cannot split up large calculations along
axes when the limits are fixed in the definition. For example,

yes? LET V2=TEMP/ 10
yes? PLOT/ K=1:10 V2

Is preferable to

yes? LET V2=TEMP[ K=1:10]/10
yes? PLOT V2

6) Try to group together calculations that are on smaller dimensioned objects. For
example, the expression VAR[i=1:100, j=1:100]*2* Pl will make less efficient use of
cpu and memory than the expression VAR[i=1:100, j=1:100]* (2*PI). The former
multiplies each of the 10000 points of VAR by 2 and then performs a second
multiplication of the 10000 result points by PI. The latter computes the scalar 2* Pl and
usesit only once in multiplying the 10000 points of VAR.

7)  After complex plots using viewports, use CANCEL VIEWPORTSto clear
graphics memory.

8) If one has SET MODE STUPID:weak cache, then make sure that the region is
fully defined (i.e., check SHOW REGION and check the region qualifiers of your
command). When the region along some axis is not specified Ferret defaults to the full
span of the data along that axis and is unable to optimize memory usage.

Ch9 Sec4. HARD COPY AND METAFILE TRANSLATION



Ch9 Sec4.1. 1Hard copy: postscript output

To obtain hard copy of plots produced by Ferret, follow these steps:

1) Within Ferret, enter the command

yes? SET MODE METAFI LE

Thistells Ferret to generate a graphic metafile (ANSI/ISO GKSM format) for each plot
created thereafter. To stop making the metafiles type

yes? CANCEL MODE METAFI LE

2) Produce each plot as you would normally. Each new plot on your screen generates
an additional file named "metafile.plt.~n~" where "n" will be incremented for each
metafile. Overlay commands do not produce additional metafiles. (The metafile name
may be set by the SET MODE METAFILE command.)

3) After exiting from Ferret use the command Fprint.

Note: If it is necessary to use Fprint without exiting Ferret, then issue the command
yes? PPL CLSPLT. Thiswill closethe current metafile. Note that neither overlays
nor additional viewports can be added to the plot after the metafile has been closed.

Fprint is a script which tranglates metafiles generated by Ferret. It uses the program
"gksm2ps" and is intended to simplify sending plots to printers, to an output file only, or
to a workstation screen.

On Windows systems, the Fprint command is not available. Run the gksm2ps
command directly to tranglate your metafile to postscript. See the next section, Metafile
Tranglation (p. 240), for adescription of Fprint

The Fprint script translates metafiles to Encapsulated PostScript or X-window outpui.
Y our system manager should customize the script at your site to permit your
specification of the actual printers you have as output devices. Fprint uses standard
Unix command line syntax.



Fprint [-h] [-P printer || -o file_nane || -X]

[-p orient] [-# n] [-] ling] [-R] metafile(s)

Options

-h

-P printer

-0 file_name

-X

-p orient

- line

displays help on your terminal.

Routes output to named printer. Files will not be renamed by
previewing. Y ou will be prompted, however, with an option to delete
each metafile after previewing. The output window size will be
equivalent to the default size in Ferret (SET WINDOW/SIZE=0.7).

Routes output to named disk postscript file.

Routes output to your workstation screen. Files will not be renamed
by previewing. Y ou will be prompted, however, with an option to
delete each metafile after previewing. The output window size will
be equivalent to the default sizein Ferret (SET
WINDOW/SIZE=0.7).

The page orientation option determines whether the plot will be
placed on the page in landscape format, with the horizontal side
longer than the vertical, or portrait, with the vertical side longer.
Valid option values are "landscape” and "portrait”. The default
behavior isto orient the plot to best fit the page.

Specifies number of copies (n).

This option lets you specify line styles. Valid options are "ps"' and
"cps'. "ps' uses dot-dashed line types; "cps' uses colored lines. The
default is"ps' for monochrome printers and "cps" for color printers.



-R Turns off the default behavior of the metafile trand ator to append a
date stamp to metafile names when they are sent to a printer or adisk
file. The default action is intended to distinguish metafiles that have
been printed out; this option keeps the metafile names unmodified.

-C Output aCMYK postscript file; default is RGB. Seethe FAQ on
CMYK color, How can | get CMYK format for postscript files?

Examples

% Fprint netafile.plt

renders "metafile.plt" on the default printer identified by the environment variable
PRINTER.

% Fprint -P nyprinter -R netafile.plt*
renders all versions of "metafile.plt" on printer myprinter. Does not date stamp them.

% Fprint -o ny_plot.ps netafile.plt.~1~

writes plot "metafile.plt.~1~" to a postscript file named "my_plot.ps".

Ch9 Sec4.2. Metafiletrandation

The command "gksm2ps" allows you to control the translation of the device-
independent metafiles made by Ferret into device-specific output files. "gksm2ps’ was
written by Larry Oolman at the University of Wyoming and modified at NOAA/PMEL
for use with Ferret. The "gksm2ps' command uses standard Unix command line syntax.
See usage hints provided by the -h option.

gksn2ps [-h] [-p |l andscape||portrait] [-| ps||cps] [-d cps||phaser]
\

[-X || -0 <ps_output_file>] [-R] [-a] [-g WxH+X+Y] file(s)


http://ferret.pmel.noaa.gov/Ferret/FAQ/graphics/CMYK_postscript.html

Options

-p orient

- line

-d devtype

-0 ofile

prints help message.

The page orientation option determines whether the plot will be
placed on the page in landscape format, with the horizontal side
longer than the vertical, or portrait, with the vertical side longer.
The default isto orient the plot to best fit the page.

This option permits specification of line stylesin the hardcopy plot.
Valid options are "ps"' (the default) and "cps'. "ps' renderslines as
solid and dot-dashed and is suited for monochrome printers. "cps'
renderslinesin color.

The target device type of the trandator. If the -d option is omitted
and output isto afile gksm2ps will use devtype "ps".

Valid devtype values:

Cps— color PostScript

phaser — Tektronix Phaser PX. The phaser is a PostScript printer,
but it uses transfer sheets that reduce the usable page size.

Sends the output to your X-window for preview.

The output will be directed to the file "ofile.”" Omit both this and
the device type option when directing output to your workstation
screen with -X. If neither -o nor -X is specified, gksm2ps creates a
postscript file in the current directory called "gksm2ps_output.ps’.



-a Makes the plot the size of the original plot as specified in PPLUS
inches (absolute size), rather than fitting the plot to the page (the
default behavior).

-g WxH+X+Y The -g option (-g WxH+X+Y) provides detailed control over the
Size, position, and aspect ratio of the plot on the printed page. The
arguments W, H, X, and Y are given in units of points (1/72 of an
inch).

Normally when using this option you will want to specify an
identical value for both W and H—the size (in points) you want the
longer dimension of the plot to be. Unequal values of W and H will
alter the aspect ratio of the plot relative to its appearance on your
workstation screen.

The X and Y values are the offset of the lower |eft corner of the
plot from the lower left corner of the page. If you want your plot's
longer side to be 5 inches long, 3 inches right from the corner, and
2 inches up, for example, specify

> |pr my_plot.ps

-R Turns off the default behavior of the metafile translator to append a
date stamp to metafile names when they are sent to a printer or a
disk file. The default action is intended to distinguish metafiles that
have been printed out; this option keeps the metafile names
unmodified.

If the user does not specify an output option (-0 or -X) gksm2ps trandlates the metafile
and produces a PostScript file called gksm2ps_output.ps. After translation by gksm2ps,
metafiles are renamed with a date stamp unless -R was specified. To get hard copy
printed, the output PostScript file needs to be sent to the appropriate printer.



Ch9 Sec4.3. Hard Copy: gif files

To create gif graphics output, execute Ferret commands to produce a plot. Then use the
command FRAME/FILE=filename.gif to write a gif-formatted file. See the section on
the FRAME command (p. 331).

Or, start Ferret in gif mode,with the -gif command-line switch, to run Ferret without X
server software. Execute the FRAME command to save the plot asagif image.

< ferret -gif
yes? (conmands that generate a plot...)

yes? FRAVE/ Fl LE=pi cture.gif

See p. 6 for a complte description.

Ch9 Sec5. OUTPUT FILE NAMING

Ferret uses afile naming scheme to differentiate successive graphic metafiles and
journal files. The schemeis styled after the gnu (Free Software Foundation) emacs
editor. The scheme appends numbersto the end of the file name as in the following
examples:

Metafile.plt.~2~
netafile. plt.~12~
metafile.plt

The third example, "metafile.plt" with no suffix appended, is the most recent file. When
the next successive fileis created, thisfile will have the suffix ".~nnn~" appended to its
name. "nnn" is the current highest file suffix number plus one.

Two Unix tools are provided to assist with managing multiple file suffix numbers:



Fpurge removesall but the current version of the named file (that is, all but the
most recent).

Example: % Fpurge ferret.jnl

Fsort sorts the versions of afile into increasing numerical order

Example: % Fprint 'Fsort netafile.plt?*'

See the introductory chapter, section "Unix tools," p. 29, for further information.

Ch9 Sec6. INPUT FILE NAMING

There are several Ferret commands that use filenames. These include:

QO fil enane

SET DATA fil enane

LI ST/ FI LE=fil enanme (do not use relative versions (below wth LIST)
USER/ FI LE=f i | enane

SET MODE META fil enane

SET MODE JOURNAL fi | enane

SET MODE PPLLI ST fil enane

The filename specified can be just the filename itself, or it can include the path to the
file. For example:

QO ferret.jnl or GO
"/ home/di skl/jnl _files/far_side.jnl"

Note that if the path is specified as part of the filename, the entire name must be
enclosed in quotation marks.

Ch9 Sec6.1. Relativeversion numbers



Under some circumstances (see the GO command, p. 331) a specia syntax called
"relative version numbers' will apply. If afilename has a version value of zero or less
itsvalueisinterpreted relative to the current highest version number,

For example, if the current directory contains the files

ferret.jnl ferret.jnl.~1~ ferret.jnl.~2~ ... ferret.jnl.~99~

then thefilenameferret. | nl . ~O~referstof erret . j nl and the filename
ferret.jnl.~-1~referstoferret.jnl.~99~.

The syntax for relative version numbersis quite flexible. For example, if the desired file
isferret.jnl.~99~, both of the following are valid:

yes? (O ferret.jnl.~1~ or yes? (O ferret.jnl~-1

For help with Ferret see our Support Policy

Last modified: December 16, 2004


file:///Z|/ansley/FERRET/HOMEPAGE/ferret_support.html

Chapter 10: CONVERTING TO NetCDF

Ch10 Secl. OVERVIEW

The Network Common Data Format (NetCDF) is an interface to alibrary of data access routines
for storing and retrieving scientific data. NetCDF allows the creation of data sets that are self-
describing and network-transparent. NetCDF was created under contract with the Division of
Atmospheric Sciences of the National Scientific Foundation and is available from the Unidata
Program Center in Boulder, Colorado (on Internet: unidata.ucar.edu).

This chapter provides directions for creating NetCDF data files. In addition to the documentation
provided here, refer to the NetCDF User's Guide, published by Unidata Program Center, for
further guidance. A user who uses and creates NetCDF files within the Ferret environment needs
no additional software.

NetCDF isavery flexible standard. In most cases there are multiple styles or profiles that could be
used to encode data into NetCDF. To resolve the ambiguities inherent in this multiplicity
communities of users have banded together to develop profiles—documents that provide more
detail on how data should be encoded into NetCDF. Ferret adheres to the COARDS standard. The
full standard is available through the Ferret home page on the World Wide Web,

http://www.ferret.noaa.gov/noaa coop/coop cdf profile.html

Note that Ferret variables may have only four dimensions.

Ch10 Sec2. SIMPLE CONVERSIONSUSING FERRET

In straightforward conversion operations where ASCII or unformatted binary datafiles are aready
readable by Ferret, the conversion to direct access, self-describing NetCDF formatted data can be
accomplished by Ferret itself. The following set of examples illustrates these procedures:

Example 1

Consider an ASCII file uv.data, with two variables, u and v, defined on a grid 360 by 180. The
following set of commands will properly read in u and v and convert them to a NetCDF formatted
data set:

yes? DEFI NE AXI S/ x=1: 360: 1/ uni t s=degrees xaxi s
yes? DEFINE AXI S/y=1:180: 1/ uni t s=degrees yaxis
yes? DEFINE GRI D/ x=xaxi s/y=yaxis uv_grid


http://www.ferret.noaa.gov/noaa_coop/coop_cdf_profile.html

yes? FI LE/ GRI D=uv_gri d/ BAD=- 999/ VAR="u, v" uv.data
yes? SET VARI ABLE/ TI TLE="zonal velocity" u
yes? SAVE/ Fl LE=uv. cdf u,v

See command DEFINE AXIS in the Commands Reference (p. 312). See the chapter "Grids and
Regions’ (p. 129) for setting up formatted latitude, longitude and time axes.

Example 2

Consider now two separate ASCII files, u.data and v.data, defined on agrid 360 by 180. The
following set of commands will properly read in u and v and convert them to asingle NetCDF
formatted data set:

yes? DEF AXI S/ x=1:360: 1/ uni t s=degr ees xaxi s
yes? DEF AXI S/y=1:180: 1/ units=degrees yaxis
yes? DEF GRI D/ x=xaxi s/y=yaxis uv_grid

yes? FILE/ GRI D=uv_gri d/ BAD=- 999/ VAR=u u. dat a
yes? FI LE/ GRI D=uv_gri d/ BAD=- 999/ VAR=v v. dat a
yes? SAVE/ Fl LE=uv2. cdf u[ D=1]

yes? SAVE/ APPEND/ FI LE=uv2. cdf v[ D=2]

Example 3—multiple time steps

Consider 12 ASCI| files, uv.datal to uv.datal2, each defined on the same grid as above but each
representing a successive time step. The following set of commands illustrates how to save these
datainto asingle NetCDF data set (time series):

yes? DEF AXI S/ x=1:360:1 xaxis

yes? DEF AXI S/y=1:180:1 yaxis

yes? DEF AXIS/t=1:1:1 taxisl

yes? DEF CGRI D/ x=xaxi s/y=yaxi s/t=taxi sl uv_gridl
yes? Fl LE/ GRI D=uv_gri d1/ BAD=- 999/ VAR="u, v" uv. dat al
yes? SAVE/ Fl LE=uvl 12t.cdf u,v

yes? CANCEL DATA uv. datal

yes? DEF AXI S/t=2:2:1 taxisl

yes? Fl LE/ GRI D=uv_gri d1/ BAD=- 999/ VAR="u, v" uv. dat a2
yes? SAVE/ APPENDY FI LE=uv1_12t.cdf u,v

and so on, redefining thetime axisto be 3:3:1, 4:4:1, ... each time anew fileis set.

When the input datais in NetCDF files, please see the following FAQ on using data from a set of
input files. Note particularly the example showing how to add time information to the variable
when the grid of the input data has no time axis.

FAQ: How can | use data as atime series when it existsin multiple files?



http://www.ferret.noaa.gov/Ferret/FAQ/data management/multi dataset.html

Example 4—multiple slabs

The procedure used in example 3, above, is possible because NetCDF files can be extended along
the time axis. In order to append multiple levels (Z axis), the NetCDF file must first be created
including all of itsvertical levels (the levelsinitially are filled with a missing data flag).

Consider 5 ASCI|I files, uv.datal to uv.datab, each defined on the same grid as above but each
representing a successive vertical level. Note that the output grid has an axis containing all the Z
levelsthat the file will contain (and that the other Z axes, zaxisl, zaxis2, ... are defined only for
the purpose of reading the datain). The following set of commands illustrates how to save these
datainto asingle NetCDF data set:

yes?
yes?
yes?
yes?
yes?
yes?

yes?
yes?
yes?
yes?

yes?
yes?
yes?
yes?

yes?

yes?

yes?

DEF AXI S/ x=1:360:1 xaxis

DEF AXI S/y=1:180:1 vyaxis

DEF AXI S/ Z=0: 100: 25/ DEPTH zaxi s

DEF GRI D/ X=xaxi s/ Y=yaxi s/ Z=zaxis uv_grid
DEF AXI S/ Z=0:0:1 zaxisl

DEF GRI D/ LI KE=uv_gri d/ Z=zaxi sl wuv_gridl

FI LE/ GRI D=uv_gri d1/ BAD=- 999/ VAR="u, v" uv. datal
LET/ TITLE="My U data" ul = u[ Geuv_grid]

LET/ TITLEE"My V data" vl = v[G=muv_grid]

SAVE/ FI LE=uv1l 5z.cdf/KLIM TS=1:5/K=1 ul, vl

CANCEL DATA uv. dat al

DEF AXI S/ Z=25:25:1 zaxisl

FI LE/ GRI D=uv_gri d1/ BAD=- 999/ VAR="u, v" uv. dat a2
SAVE/ FI LE=uvl 5z. cdf/ K=2/ APPEND ul, vl

CANCEL DATA/ ALL ! Cancel definitions before using newfile
CANCEL VAR/ ALL

USE uvl_5z. cdf

The NetCDF utilities "ncdump” and "ncgen” can aso be combined with atext editor to make final
refinements to the NetCDF files created by SAVE. (These utilities are not provided with the Ferret
distribution; they can be obtained from unidata.ucar.edu.) Hereisasimple example that removes
al "history" attributes from a NetCDF file using pipes and the Unix "grep" utility:

% ncdunp old_file.cdf | grep -v history | ncgen -o new file.cdf


http://www.ferret.noaa.gov/Ferret/FAQ/data_management/multi_dataset.html

Ch10 Sec3. WRITING A CONVERSION PROGRAM

There are three steps required to convert datato NetCDF if your datais not already readable by
Ferret:

1. CreateaCDL (the ASCII NetCDF Description Language) file that describes the axes, grids,
and variables of the desired output data set. Note: Ferret itself often provides the simplest way to
create the CDL file (see the following section).

2. Convert this CDL fileinto a NetCDF file with the ncgen utility.

3. Create aprogram that will read your particular data and insert them into the NetCDF file. The
ncgen utility will create most of the FORTRAN or C code needed for this task.

The file converting_to_netcdf.f which islocated in the Ferret documentation directory
($FER_DIR/doc) contains a compl ete description and example of these three steps. The remainder
of this section provides further details.

Ch10 Sec3.1. Creating a CDL filewith Ferret

Suppose that we wish to create a CDL fileto describe a data set entitled "My Global Data' which
contains variables u and v in cm/sec on a 5x5 degree global at/long grid. The following
commands would achieve the goal with Ferret doing the majority of the work:

* From Ferret issue the commands

DEFI NE AXI S/ X=2. 5E: 2. 5W 5/ UNI TS=degr ees x| ong

DEFI NE AXI S/ Y=87.5S: 87. 5N: 5/ UNI TS=degr ees yl at

DEFI NE GRI D/ X=xl ong/ Y=yl at ny_grid

LET shape 2d = x[G=ny_grid]+y[ G=ny_qgri d]

LET U = 1/ 0*SHAPE_2D

LET V = 1/ 0*SHAPE 2D

SET VARI ABLE/ Tl TLE="Zonal Vel ocity"/UN TS="cm sec" u

SET VARI ABLE/ TI TLE="Meri di onal Vel ocity"/UN TS="cm sec" v
SAVE/ FI LE=ny_file.cdf/ TITLE"My d obal Data" u,v

QT
e From Unix issue the command

ncdump -c¢ ny_file.cdf > ny_file.cdl



Theresulting file my_file.cdl isready to use or to make final modifications to with an editor.

Ch10 Sec3.2. TheCDL file

A CDL file consists of three sections: Dimensions, Variables, and Data. All of the following text
insmal | Courier font congtitutesareal CDL file; it can be copied verbatim and used to
generate a NetCDF file. The full text of thisfile isincluded with the Ferret distribution as
$FER_DIR/doc/converting_to_netcdf.basic.

net cdf converting to_netcdf. basic {

Ch10 Sec3.2.1. Dimensions

In this section, the sizes of the grid dimensions are specified. One of these dimensions can be of
"unlimited" size (i.e., it can grow).

D nensi ons:

| on = 160 ; /1 longitude
| at = 100 ; /] |atitude
depth = 27 ; /1 depth
time = unlimted ;

These are essentially parameter statements that assign certain numbers that will be used in the
Variables section to define axes and variable dimensions. The"//" isthe CDL comment syntax.

The dimension variables are available to you in Ferret commands as pseudo-variables. For
example, to use the "depth" dimension variable from the above example, you can say:

yes? let valz = z[gz=dept h]
yes? let offset = valz + a

See the next section (p. 251 ) about axes for more on dimension variables.

Ch10 Sec3.2.2. Variables



Variables, variable attributes, axes, axis attributes, and global attributes are specified.

vari abl es:

float tenp(tinme, depth, lat, lon) ;
tenp: | ong_namne " TEMPERATURE" ;
tenmp: units "deg. C' ;
tenp: _FillValue = 1E34
float salt(time, depth, lat, lon) ;
salt: | ong_nane "(SALINI TY(ppt) - 35) /1000" ;
salt: units "frac. by wt. |less .035"
salt: _FillValue = -999.

The declaration "float" indicates that the variable is to be stored as single precision, floating point
(32-hit |EEE representation). The declarations "long" (32-bit integer), "short" (16-bit integer),
"byte" (8-bit integer) and "double" (64-bit |EEE floating point) are also supported by Ferret. Note
that although these data types may result in smaller files, they will not affect Ferret's memory
usage, as all variables are converted to "float" internally asthey are read by Ferret.

Variable names in NetCDF files should follow the same guidelines as Ferret variable names:

. caseinsensitive (avoid names that are identical apart from case)
. 1to 24 characters (letters, digits, $ and _) beginning with aletter
. avoidreserved names (1, J, K, L, X, Y, Z, T, XBOX, ...)

See p. 60 for how to handle invalid variable names that are already in a NetCDF file.

The _FillValue attribute informs Ferret that any data value matching this valueisamissing
(invalid) data point. For example, an ocean data set may label land locations with a value such as
1E34. By identifying 1E34 as afill value, Ferret knows to ignore points matching this value. The
attribute "missing_value" issimilar to"_FillValue" when reading data; but *_FillValue" also
specifies avalue to be inserted into unspecified regions during file creation. Y ou may specify two
distinct flags for invalid datain the same variable by using *_FillValue" and "missing_value"
together.

Scale and offset values may be specified by the scale factor and add offset attributes.

Ferret variables may have from 1 to 4 dimensions. If any of the axes have the special
interpretations of: 1) latitude, 2) longitude, 3) depth, or 4) time (date), then the relative order of
those axes in the CDL variable declaration must be T, then Z, then Y, and then X, as above. Any
of these special axes can be omitted and other axes (for example, an axis caled "distance") may be
inserted between them.

axis definitions:



doubl e 1 on(I on)

lon: units = "degrees";
doubl e lat(lat)
lat: units = "degrees";
doubl e dept h(depth) ;
depth: units = "neters";
double tine(tinme) ;
tinme: units = "seconds since 1972-01-01";

Axes, aso known as coordinate variables, are distinguished from other 1-dimensional NetCDF
variables by their variable names being identical to their dimension names. Special axis
interpretations are inferred by Ferret through a variety of "clues.”

The direction of the axis may be specified by the attribute AX1S or CARTESIAN_AXIS. Files
written by Ferret (as of version 5.5) include the AXIS attribute for coordinate variables.

[ on: axis="X";

Date/time axes are inferred by units of "years," "days," "hours," "minutes,” or "seconds," or by
axis names "time," "date," or "t" (case-insensitive). Calendar date formatting requires the "units"
attribute to be formatted with both a valid time unit and "since yyyy-mm-dd".

Vertical axes are identified by axis names containing the strings "depth”, "elev", or "z", or by units
of "millibars." Depth axes are positive downward by default. The attribute positive= "down" can
also be used to create a downward-pointing Z axis. The positive= attribute may be used on any
axis, with the values positive= "down" or positive="up", however positive="down" is applied only
to Z axes and isignored otherwise.

Latitude axes are inferred by units of "degrees' or "latitude" with axis names containing the strings
"lat" or "y". Longitude axes are inferred by units of "degrees" or "longitude" with axis names
containing the strings "lon" or "x".

Axisdirection is determined by Ferret asin this order:
1) AXIS attribute

2) CARTESIAN_AXIS attribute

3) positive="down", indicating a z axis

4) Axis units

5) Axis name



Once the direction is determined, other conflicting information isignored. Thusif an axis has the
attribute AXIS="Y"

Axes are either netCDF coordinate variables or are synthesized (assimpleindices 1, 2, 3, ...) if
coordinate definitions are missing for avariable. The axes of avariable are available as " pseudo-
variables' using the syntax X[g=var], where "var" is the name of the netCDF variable, and
similarly for the Y,Z, and T axes. When the data set is cancelled the associated axes are cancelled,
too. The exception isthat axes will be retained if they arein usein a DEFINE GRID definition --
and they will be erased from memory at the time all grids using them are cancelled.

Some files contain axis definitions (coordinate variables) without associated variables. Like all
axesthey are visible with the SHOW A XIS command. To obtain the values of those coordinate
variables as Ferret pseudo-variables use the syntax X[gx=axname], where axname is the name of
the coordinate variable (also the NetCDF dimension name) and likewisefor Y,Z, and T axes.

Note that when the data set is cancelled, axis definitions of this variety are retained -- unlike axes
that are used in variables.

Global attributes, or attributes that apply to the entire data set, can be specified as well.

gl obal attributes:
:title = "Net CDOF Exanpl e";

:message = "This nessage will be displayed when the COF file is
opened by Ferret"”;
chistory = "Docunent ati on on the origins and evolution of this data

set or variabl e";

Ch10 Sec3.2.3. Data

In this section, values are assigned to grid coordinates and to the variables of the file. Below are
100 latitude coordinates entered (in degrees) into the variable axis "lat", 160 longitude coordinates
in"lon", and 27 depth coordinates (in meters) in "depth”. Longitude coordinates must be specified
with 0 at Greenwich, continuous across the dateline, with positive eastward (modulo 360).

Dat a:

| at =

-28.8360729218, - 26. 5299491882, - 24. 2880744934, - 22. 1501560211, - 20. 151357650,
-18. 3207626343, - 16. 6801033020, - 15. 2428140640, - 14. 0134353638, - 12. 987424850,
-12. 1513509750, - 11. 4834814072, - 10. 9547319412, - 10. 5299386978, - 10. 169393539,
-9.8333206177, -9. 4999876022, - 9. 1666536331, - 8. 8333196640, - 8. 4999856949,
-8.1666526794, - 7. 8333187103, - 7. 4999847412, - 7. 1666512489, - 6. 8333182335,
-6.4999852180, - 6. 1666517258, - 5. 8333182335, -5. 4999852180, -5. 1666517258,
-4,8333187103, - 4. 4999852180, -4. 1666517258, - 3. 8333187103, - 3. 4999852180,



-3. 1666517258, - 2. 8333184719, - 2. 4999852180, - 2. 1666519642, - 1. 8333185911,
-1.4999852180, - 1. 1666518450, - 0. 8333183527, - 0. 4999849498, - 0. 1666515470,
. 1666818559, 0. 5000152588, 0. 8333486915, 1. 1666821241, 1. 5000154972,

. 8333489895, 2. 1666824818, 2. 5000159740, 2. 8333494663, 3. 1666829586,

. 5000162125, 3. 8333497047, 4. 1666831970, 4. 5000162125, 4. 8333497047,

. 1666831970, 5. 5000162125, 5. 8333497047, 6. 1666827202, 6. 5000162125,

. 8333497047, 7. 1666827202, 7. 5000166893, 7. 8333501816, 8. 1666841507,
8.5000181198, 8. 8333511353, 9. 1666851044, 9. 5000190735, 9. 8333530426,

10. 1679363251, 10. 5137376785, 10. 8892869949, 11. 3138961792, 11. 8060989380,
12. 3833675385, 13. 0618314743, 13. 8560228348, 14. 7786512375, 15. 8403968811,
17. 0497493744, 18. 4128704071, 19. 9334945679, 21. 6128730774, 23. 4497566223,
25. 4404067993, 27. 5786647797, 29. 8560409546, 32. 2618522644, 34. 7833900452,
37.4061241150, 40. 1139259338, 42. 8893203735, 45. 7137718201, 48. 5679702759;
| on=

130.5, 131.5,132.5,133.5, 134.5, 135.5,136.5,137.5, 138. 5, 139. 5, 140. 5,

O 01wk O

141.5,142.5,143. 5, 144. 5, 145. 5, 146. 5, 147. 5, 148. 5, 149. 5, 150. 5, 151. 5,

152.5,153. 5, 154. 5, 155. 5, 156. 5, 157. 5, 158. 5, 159. 5, 160. 5, 161. 5, 162. 5,

163. 5, 164. 5, 165. 5, 166. 5, 167. 5, 168. 5, 169. 5, 170. 5, 171. 5, 172. 5, 173. 5,

174.5,175.5,176.5,177.5,178.5,179. 5, 180. 5, 181. 5, 182. 5, 183. 5, 184. 5,

185. 5, 186. 5, 187. 5, 188. 5, 189. 5, 190. 5, 191. 5, 192. 5, 193. 5, 194. 5, 195. 5,

196.5,197.5,198. 5, 199. 5, 200. 5, 201. 5, 202. 5, 203. 5, 204. 5, 205. 5, 206. 5,

207.5, 208. 5, 209. 5, 210. 5, 211. 5, 212. 5, 213. 5, 214. 5, 215. 5, 216. 5, 217. 5,

218. 5, 219. 5, 220. 5, 221. 5, 222. 5, 223. 5, 224. 5, 225. 5, 226. 5, 227. 5, 228. 5,

229.5, 230. 5, 231. 5, 232. 5, 233. 5, 234. 5, 235. 5, 236. 5, 237. 5, 238. 5, 239. 5,

240.5,241.5,242.5,243.5,244.5,245. 5, 246. 5, 247. 5, 248. 5, 249. 5, 250. 5,

251. 5, 252. 5, 253. 5, 254. 5, 255. 5, 256. 5, 257. 5, 258. 5, 259. 5, 260. 5, 261. 5,

262. 5, 263. 5, 264. 5, 265. 5, 266. 5, 267. 5, 268. 5, 269. 5, 270. 5, 271. 5, 272. 5,

273.5,274.5,275.5,276.5,277.5,278.5,279. 5, 280. 5, 281. 5, 282. 5, 283. 5,

284.5,285. 5, 286. 5, 287. 5, 288. 5, 289. 5;
dept h=
5.0,15.0, 25.0, 35.0, 45.0,55.0,65.0, 75.0, 85.0, 95. 0, 106. 25, 120. 0, 136. 25,

155. 0, 177. 5, 205. 0, 240. 0, 288. 5, 362. 5, 483. 5, 680. 0, 979. 5, 1395. 5, 1916. 0,



2524.0,3174.0, 3824.0; }

To usethis CDL filetype:
% ncgen -0 ny_data.cdf converting to_netcdf. basic
Thiswill create afile called "my_data.cdf" to which data can be directed (see next section).

Another NetCDF command, "ncdump”, can be used to generate a CDL file from an existing
NetCDF file. The command

% ncdunp -h ny_dat a. cdf

will list the CDL representation of a preexisting my_data.cdf without the Data section, while

% ncdunp ny_dat a. cdf

will list the CDL file with the Data section. The command

% ncdunp -c ny_dat a. cdf

will create a CDL file in which only coordinate variables are included in the Data section. The
listed output can be redirected to afile asin the command

% ncdunp -c ny_data.cdf > ny_data. cdl

Ch10 Sec3.3. Standardized NetCDF attributes

A document detailing the COARDS NetCDF conventions to which the Ferret program adheres are
available on line through the Ferret home page on the World Wide Web, at
http://www.ferret.noaa.gov/noaa coop/ coop cdf profile.html and at

http://www.unidata.ucar.edu/packages/netcdf/conventions.html

The following are the attributes most commonly used with Ferret. They are described in greater
detail in the reference document named above.

Global Attributes
‘title = "my data set title"


http://www.ferret.noaa.gov/noaa_coop/coop_cdf_profile.html
http://www.unidata.ucar.edu/packages/netcdf/conventions.html

-history = "general background information"

Data Variable Attributes

long_name = "title of my variable"

units = "unitsfor this variable"

_FillValue = missing value flag

missing_value = aternative missing value flag

scale factor = (optional) the data are to be multiplied by this factor
add offset = (optional) this number isto be added to the data

Special Coordinate Variable Attributes

time_axis:units = "seconds since 1992-10-8 15:15:42.5 -6:00"; // example
y_axis.units = "degrees north"

X_axis:units = "degrees east"

z_axis:positive = "down"; // to indicate preferred plotting orientation
my_axis:point_spacing = "even"; // improved performance if present

See the SAVE command to write to aNetCDF file. (p.363). Note that when using Ferret to
output into NetCDF files that Ferret did not itself create, the results may not be entirely as
expected. Case-sensitivity of namesis one aspect of this. Since Ferret is (by default) case
insensitive and netCDF files are case-sensitive writing into a"foreign” file may result in
duplicated entities in the file which differ only in case.

Ch10 Sec3.4. Directing datato a CDF file

The following is an example program which can be used on-line to convert existing data sets into
NetCDF files. It also should provide guidance on sending data generated by numerical models
directly to NetCDF files. This program assumes you have created the NetCDF file as described in
the previous section. It isincluded in the distribution as $FER_DIR/doc/converting_to_netcdf .f.

program converting_to_net cdf

(@)

witten by Dan Truenan
updat ed 4/94 *sh*

(@)

This program provides a nodel for converting a data set to Net CDF

The basic strategy used in this programis to open an existing Net CDF
file, query the file for the IDs of the variables it contains, and
then wite the data to those vari abl es.

O o000

(@)

The output NetCDF file nust be created **before** this programis run
The sinplest way to do this is to cd to your scratch directory and
% cp $FER DI R/ doc/ converting to_netcdf. basic converting_ to_netcdf. cdl

o o0



c and then edit converting to_netcdf.cdl (an ASCII file) to describe YOUR

c data set. If your data set requires unequally spaced axes, clinatological c
time axes, staggered grids, etc. then converting_to_netcdf.supplenment my c
be a better starting point then the "basic" file used above.

c After you edit converting to_netcdf.cdl then create the NetCDF file with

c the command

c % ncgen -0 converting to _netcdf.cdf converting_to netcdf. cdl

Now we will read in **your** data (gridded oceanic tenperature and

salt in this exanple) and wite it out into the NetCDF file
converting to _netcdf.cdf. Note that the axis coordi nates can be witten
out exactly the sane nethodol ogy - including tinme step values (as bel ow).

EIR R R I S I S R kR Ik kI S R IR I R Rk kI kI R R R R e R R Ik kI

An alternative to nodifying this programis to use the conmand:

*O OO O

o

c ncgen -f converting_to_netcdf. cdl

c This will create a large source code to which select lines can
c be added to wite out your data.

R S S S kS I S kS S S kI I S R I I S

c To conpile and link converting to_netcdf.f, use:

c f77 -0 converting_to_netcdf converting to_netcdf.f -Inetcdf

R S I I R S I O kS S S I R Rk I I kR R Rk O

c include file necessary for Net CDF

i nclude 'netcdf.inc' ' may be found in $FER DIR/ fnt/cmm

RS S S R S I I Sk I S S R S S I I I I R Rk I S R R I

c paraneters relevant to the data being read in
¢ THESE NORMALLY MATCH THE DI MENSI ONS IN THE CDL FI LE
c (except nt which may be "unlimted")

integer int, jnm, km nt, Inew, inlun
paraneter (imt =160, jm =100, kme27, nt=5)

cin is longitude, jm latitude, kmdepth, and nt nunber of tinme steps
EIR R SR I R I b S I I I S S S S R R R S R R I S I R R I R I S I S I R R I
c variabl e decl aration

real temp(int,jnt,km,salt(inm,jnmt,kn,time_step

i nteger cdfid, rcode
c ** cdfid = id nunber for the NetCDF file ny_data. cdf

c ** rcode = error id nunber

integer tid, sid, tinmeaxid

c ** tid = variable id nunber for tenperature
C ** gsid = variable id number for salt
c ** timeaxid = variable id for the tine axis

integer itine
c ** jtime = index for do |oop
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c dinmension corner and step for defining size of gridded data

i nt eger corner(4)
i nteger step(4)

c corner and step are used to define the size of the gridded data

c to be witten out. Since tenp and salt are four dinensional arrays,

c corner and step nust be four dinensions as well. In each output

c to ny_data.cdf within the do loop, the entire array of data (160 | ong.
c pts, 100 lat. pts., 27 depth pts.) will be witten for one tine step
c Corner tells NetCDF where to start, and step indicates how many steps
c in each dinmension to take.

data corner/1, 1, 1, -1/ ! -1 is arbitrary; the time val ue

of corner will be initialized
' within the do | oop

data step/int, jm, km 1/ ' NOT /1, km jm, im/

c ***NOTE*** Since Fortran and C access data differently, the order of
c the variables in the Fortran code nust be opposite that in the CDL
c file. In Fortran, the first index varies fastest while in C, the

c last index varies fastest.

*
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c initialize cdfid by using ncopn

cdfid = ncopn(' converting to netcdf.cdf', ncwite, rcode)
if (rcode.ne.ncnoerr) stop 'error with ncopn'

E R S Rk S I S S S R Rk O S I I I I R Rk Ik S I I

c get variable id' s by using ncvid
¢ THE VARI ABLE NAMES MUST MATCH THE CDL FILE (case sensitive)

tid = ncvid(cdfid, '"tenmp', rcode)

if (rcode.ne.ncnoerr) stop 'error with tid'

sid = ncvid(cdfid, 'salt', rcode)

if (rcode.ne.ncnoerr) stop '"error with sid'

timeaxid = ncvid(cdfid, "tinme', rcode)

if (rcode.ne.ncnoerr) stop '"error with tineaxid
khkkkhkkkhkhkkkhkhkkhkhhkkhkhkkhkhkhkhkhkhkhkhhkhkhhkhhkhkhhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkikhkhkikhkhkkikkkhkkk*kx
c this is a good place to open your input data file

I OPEN (FI LE=ny_dat a. dat, STATUS=' OLD )
ER R I R I I I I S kS R S S S I Sk S R R R S kR R O O O
c begin do loop. Each step will read in one tine step of data
c and then wite it out to ny_data. cdf.

do 10 itinme = 1, nt

corner (4)
tinme_step

itime I initialize time step in corner
float(itine) I or you may read this fromyour file



* insert your data reading routine here
! CALL READ MY _DATA(tenp,salt) ! you wite this

wite (6,*) 'witing tine step: ',itine, tinme_step ! diagnostic output

call ncvpt(cdfid,tid,corner,step,tenp(1,1,1),rcode) ! wite data to

if (rcode.ne.ncnoerr) stop 'error with t-put'

call ncvpt(cdfid,sid, corner,step,salt(1,1,1),rcode) ! ny data.cdf with
if (rcode.ne.ncnoerr) stop 'error with s-put'

call ncvptl(cdfid,timeaxid,itinme,tine_step,rcode) I ncvpt

if (rcode.ne.ncnoerr) stop 'error with timax-put’

ncvptl wites a single data point to the specified location within
timeaxid. The itinme argunment in ncvptl specifies the location within
time to wite.

float(itine) is used (rather than sinply itine) so the type nmatches the
type of tinme declared in the CDL file.

O 0000

10 conti nue

E R S R R R S I S kS R R I S S S I I I S R R Sk S I I I

c close ny_data.cdf using ncclos
call ncclos(cdfid, rcode)

if (rcode.ne.ncnoerr) stop 'error with ncclos'
ER R I R R I R I R S Ik I I S S O A R R I R I S R Sk I I S R R S Ik R Rk O O O

st op
end

Ch10 Sec3.5. Advanced NetCDF procedures

This section describes:
1. Setting up aCDL file capable of handling data on staggered grids.

2. Defining coordinate systems such that the datain the NetCDF file may be regarded as
hyperslabs of larger coordinate spaces.

3. Defining boundaries between unevenly spaced axis coordinates (used in numerical
integrations).

4. Setting up "modulo” axes such as climatological time and longitude.
5. Converting dates into numerical data appropriate for a NetCDF time axis.

The final section of this chapter contains the text of the CDL file for the example we use



throughout this section.

In this sample data set, we will consider wind, salt, and velocity calculated using a staggered-grid,
finite-difference technique. The wind data is limited to the surface layer of the ocean (i.e., normal
to the depth axis). We will also consider the salt data to be limited to a narrow slab from 139E to
90W (1=10 to 140), 32.5N to 34.9N (J=80to 82), and for all depth and time values.

Ch10 Sec3.5.1. Staggered grid

Ferret permits each variable of a NetCDF file to be defined on distinct axes and grids. Staggered
grids are a straightforward application of this principle. Dimensions for each grid axis must be
defined, the axes themselves must be defined (in Variables), and the coordinate values for each
axismust beinitialized (in Data). In the case of the example we use throughout this and the next
section, there are two grids—awind grid, and avelocity grid; slon, slat and sdepth are defined for
the wind grid, and ulon, ulat, and wdepth for the velocity grid. The variables are then given
dimensionsto place them in their proper grids (i.e., wind(time, sdepth, slat, slon)).

Ch10 Sec3.5.2. Hyperdabs

There are anumber of steps required to set up a NetCDF data set that represents a hyperslab of
datafrom alarger grid definition (a parent grid).

1. Defineadimension named "grid_definition." This dimension should be set equal to 1.

2. Define parent gridsin Variables with the argument "grid_definition".

char wind_grid(grid_definition) ;
char salt _grid(grid definition) ;

3. Definethe 4 axes of the parent grids using the "axes" attribute.

"slon slat normal tinme" ;
"slon slat sdepth time" ;

wi nd_grid: axes =
salt_grid: axes =
The arguments are always a list of four axis names. Note that the order of arguments is opposite
that in the variable declaration. The argument "normal™ indicates that wind_grid is normal to the
depth axis.

4. Definethe variablesthat are hyperslabs of these grids with the proper dimensions.



float wind(tinme, slat, slon) ;
float salt(tinme, sdepth, slat80 82, slonl0_140) ;

where the dimension slat80 82 = 3 and slon10_140 = 131. Optionally, these axesmay be defined
themselves with the attribute "child axis".

float slat80_82(slat80 82) ;
slat80 82: child axis =" " ;

These "child axes' need not be initialized in data, nor do edges need to be defined for them; Ferret
will retrieve this information from the parent axis definitions. However, it is recommended that
they be initialized to accommodate other software that may not recognize parent grids.

5. Usethe"parent_grid" variable attribute to point to the parent grid.

wi nd: parent _grid
salt: parent _grid

"wind _grid"
"salt_grid"

6. Also, asavariable attribute, define the index range of interest within the parent grid.

wi nd: slab_mn_index
wi nd: sl ab_nmax_i ndex
salt: slab_m n_index
salt: slab_nmax_index

1s, 1s, 1s, 0s ;
160s, 100s, 1s, Os ;
10s, 80s, 1s, Os ;
140s, 82s, 27s, Os ;

The"s" after each integer indicates a "short" 16-bit integer rather than the default "long" 32-bit
integer. If an axis dimension is designated as "unlimited” then the index bounds for this axis must
be designated as "0s".

These attributes will effectively locate the wind and salt data within the parent grid.

Ch10 Sec3.5.3. Unevenly spaced coordinates

For coordinate axes with uneven spacing, the boundaries between each coordinate can be
indicated by pointing to an additional axisthat contains the locations of the boundaries. This can
be done in one of two ways: The axis edges may be listed, N+1 edges for an axis of N coordinaes.
Or cell bounds may be listed, with the lower and upper bound of each cell for alist of N*2
bounds. (The bounds attribute was implemented in Ferret version 5.70.)

If edges or bounds are not explicitly defined for an unevenly spaced axis, the midpoint between
coordinates is assumed by default.



To define edges:

1. Define adimension one larger than the coordinate axis. For the sdepth axis, with 27
coordinates, define:

sdept h_edges = 28 ;

2. Define an axis called sdepth_edges.
3. Initiadize thisaxis with the desired boundaries (in Data).

4. Asan attribute of the main axis, point to edges list:

sdept h: edges = "sdept h_edges"
To define bounds

1. Define adimension twice aslarge as the coordinate axis. For the sdepth axis, with 27
coordinates, define:

sdept h_bnds = 54;

2. Define an axis called sdepth_bnds.

3. Initialize this axis with the desired boundaries (in Data). The ordering isbox_lo_1, box_hi_1,
box lo 2, box_hi_2, ...

4. For avalid Ferret axis, the low bound of each cell must equal the high bound of the previous
cell.

5. Asan attribute of the main axis, point to bounddlist:



sdept h: bounds = "sdept h_bnds"

Ch10 Sec3.5.4. Evenly spaced coordinates (long axes)
If the coordinate axes are evenly spaced, the attribute "point spacing” should be used:
sl at: point_spacing = "even" ;

When used, this attribute will improve memory use efficiency in Ferret. Thisis especially
important for very large axes—210,000 points or more.

Ch10 Sec3.5.5. "Modulo" axes

The "modulo" axis attribute indicates that the axis wraps around, the first point immediately
following the last. The most common uses of modulo axes are:

1. longitude axes for globe-encircling data. 1f the modulo length is different from 360 degrees,
specify the value.

2. time axesfor climatological data

ti me: nodul o

"100"

xavr: nodul o

If the climatological data occursin the years 0000 or 0001 then the year will be omitted from
Ferret's output format.

NetCDF time axes encoded as year 0000 or 0001 are automatically flagged as modulo axes.

As of Ferret version5.5, longitude axes and climatological time axes are always detected as
modulo, or as sub-span modulo when appropriate, unless Ferret is specifically directed that the
axisis NOT modulo. See the sections on modulo axes and subspan modul o axesfor more
information (p. 151 ff)



Ch10 Sec3.5.6. Reversed-coordinate axes

NetCDF axes may contain monotonically decreasing axis coordinates instead of monotonically
increasing coordinates. Ferret will hide this aspect of the file data ordering.

Ch10 Sec3.5.7. Converting timeword data to numerical data

To set up atime axis for data represented as dates (e.g., 1972 January 15 at 12:15") it is necessary
to determine anumerical representation for each of the dates. Ferret can assist with this process, as
the following example shows.

Suppose the data are 6-hourly observations from 1-JAN-1991 at 12:00 to 15-MAR-1991 at 18:00.
These commands will assist in creating the necessary time axis for a NetCDF file:

yes? DEFINE AXI S/ T="1-JAN-1991: 12: 00": " 15- MAR- 1991: 18: 00" : 6/ UNI TS=hour s\
ny_tine

yes? DEFINE GRID/ T=ny_time tgrid

yes? SET REQ ON T="1- JAN- 1991: 12: 00": " 15- MAR- 1991: 18: 00"

yes? LI ST T[g=tgrid] 'to see the tine val ues

yes? SAVE/ FI LE=ny_tinme.cdf T[g=tgrid]

The file my_time.cdf now contains amodel of exactly the desired time axis. Use the Unix
command

% ncdunp ny_tinme.cdf > ny_tine.cdl

to obtain the time axis definition as text that can be inserted into your CDL file.

Ch10 Sec3.6. Example CDL file

The following is an example CDL file utilizing many of the features described in the preceding
section.

net cdf converting_to_netcdf_suppl enent {

/11 CONVERTI NG DATA TO THE "NETWORK COVMON DATA FORM' ( Net CDF):
/11 A SUPPLEMENT

11
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NOAA PMEL Thermal Modeling and Anal ysis Project (TVAP)
Dan Trueman, Steve Hankin
| ast revised: 1 Dec 1993: slat80 82 and slonl0_140 coordi nates incl uded

[ . | NTRODUCTI ON

Thi s supplenent to "Converting Data to the Network Conmon Data Form
an I ntroduction" descri bes:

1. Howto set up a cdl file capable of handling data
on staggered grids.

2. How to define coordinate systens such that the data
in the NetCDF file may be regarded as hypersl abs of
| arger coordinate spaces.

3. How to define variables of 1, 2, or 3 dinensions.

4. How to define boundaries between unevenly spaced axis

coordi nates (used in nunerical integrations).

How to set up clinmatol ogical "nodul 0" tinme axes.

How to convert time word data into numerical data

appropriate for Net CDF

© 0

In this sanple data set, we will consider wind, salt, and

vel ocity cal cul ated using a staggered-grid, finite-difference
technique. The wind data is naturally limted to the surface

| ayer of the ocean (i.e. normal to the depth axis). W wll

al so consider the salt data to be limted to a narrow slab from
139E to 90W (1 =10 to 140), 32.5N to 34.9N (J=80 to 82), and for
all depth and tinme val ues.

1. STAGGERED GRI DS

Dealing with staggered grids is fairly straightforward. D nensions
for each grid axis nust be defined, the axes thensel ves nust be
defined (in Variables), and the coordi nate val ues for each axis nust
be initialized (in Data). 1In this case, there are two grids, a

wind grid, and a velocity grid, so tlon, tlat and tdepth are

defined for the wind grid, and ulon, ulat, and udepth for the velocity
grid. The variables are then given argunents to place themin their
proper grids (i.e. wind(tinme, sdepth, slat, slon)).

I1l. HYPERSLABS

There are a nunber of steps required to set up a Net CDF data set that
represents a hyperslab of data froma larger grid definition.

1. Define a dinmension naned "grid _definition". This dinension
shoul d be set equal to 1.

2. Define parent grids in Variables with the argunent
"grid_definition".

char wind grid(grid definition) ;
char salt _grid(grid_definition) ;



11

/1 3. Define the 4 axes of the parent grids using the "axes" attribute.
Il

11 wind_grid: axes = "slon slat normal tine"

/1 salt_grid: axes = "slon slat sdepth tine"

I

/1 Not e that the order of argunents is opposite that in the

11 vari abl e declaration. The argunment "nornal" indicates that
I wind_grid is normal to the depth axis.

I

/1 4. Define the variables which are hyperslabs of these grids with
/1 t he proper dinensions.

11l

/1 float wind(tinme, slat, slon) ;

/1 float salt(time, sdepth, slat80 82, slonl0_140) ;

Il

11 where slat80_82 = 3 and slonl0_140 = 131. The axis nanmes are
111 arbitrary - chosen for readability. These axes (child axes)

/1 nmust be defined with the attribute "child axis" as foll ows:

11

/1 float slat80_82(slat80 82) ;

11 slat80 82: child axis =" " ;

I

/1 These "child axes" need not be initialized in Data, nor do their
/1 edges need be defined; Ferret retrieves this information from
Il t he parent axes.

I

/1 5. Use the "parent _grid" variable attribute to point to the

11 parent grid.

I

/1 wi nd: parent _grid = "wind_grid"

I

11 6. Also as a variable attribute, define the index range of interest
I within the parent grid.

I

/1 wind: slab mn_index = 1s, 1s, 1s, Os

/1 wi nd: slab_max_i ndex = 160s, 100s, 1s, Os

/1 salt: slab mn_index = 10s, 80s, 1s, Os ;

/1 salt: slab_nmax_index = 140s, 82s, 27s, O0s ;

I

/1 The "s" after each integer indicates a "short" 16-bit integer
I rather than the default "long" 32-bit integer. |If an axis

/1 di mension is designated as "unlimted" then the index bounds
/1 for this axis nust be designated as "0s"

11l

/1 These comands will effectively |ocate the wind and salt data within
/1 the full grid.

11

/1 V. VAR ABLES OF 1, 2, or 3 DI MENSI ONS

Il

/'l One, two, or three dinmensional variables may be set up in one of



11
11
Il
Il
Il
/11
Il
Il
11
Il
11
Il
Il
11
11
Il
Il
Il
/11
Il
Il
Il
Il
/11
Il
Il
11
/11
Il
Il
Il
Il
/11
Il
Il
Il
11
11
Il
11
11
Il
Il
Il
Il
/11
Il
Il
11
/11
Il
Il

two ways - either using the parent_grid and child_axis attributes

as illustrated in the 3-dinmensional variable "wind® fromthe hyperslab
exanpl e, above, or by selecting axis names and units that provide
Ferret with adequate hints to map this variable onto 4-di nensi onal
space and tinme. The following hints are recogni zed by Ferret:

Units of days, hours, mnutes, etc. or an axis nane of "TIM", "DATE"

inplies a tinme axis.

Units of "degrees xxxx" where "xxxx" contains "I at
a latitude or longitude axis, respectively.
Units of "degrees" together with an axis nane containing "LAT" or

"Y' inplies a latitude axis else longitude is assuned.
Units of milibars, "layer"” or "level"” or an axis nanme containing
"Z" or "ELEV" inplies a vertical axis.

1] n

or "lon

V. UNEVENLY SPACED COORDI NATE BOUNDARI ES

For coordinate axes with uneven spacing, the boundaries between each
coordi nate can be indicated by pointing to an additional axis that
contains the |ocations of the boundaries. The dinmension of this "edge
axis will necessarily be one larger than the coordi nate axis concerned.
If edges are not defined for an unevenly spaced axis, the m dpoint

bet ween coordinates will be assuned by default.

1. Define a dinension one larger than the coordinate axis. For
the sdepth axis, with 27 coordi nates, define:

sdept h_edges = 28
2. Define an axis called sdepth_edges.
3. Initialize this axis appropriately (in Data).
4. As a sdepth axis attribute, point to sdepth_edges:
sdept h: edges = "sdepth_edges"

If the coordinate axes are evenly spaced, the attribute "point spacing
shoul d be used:

sl at: point_spacing = "even" ;
When used, this attribute will inprove nenory use efficiency in Ferret.
V. CLI MATOLOG CAL "MODULO' AXES
The "nodul 0" axis attribute indicates that the axis waps around,
the first point immediately following the last. The npbst commpn

uses of nmpdul o axes are:

1. As l|longitude axes for globe-encircling data.
2. As tine axes for climtol ogical data.

" n

time: nodulo = ; /1 any arbitrary string is allowed

implies
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/1 1f the climatol ogical data occurs in the years 0000 or 0001 then Ferret
/1 will omt the year fromthe output formatting.

11

/1 VI'l. CONVERTI NG TI ME WORD DATA TO NUMERI CAL DATA

I

/1 1f the time data being converted to Net CDF format exists in string format
[l (i.e. 1972 - JANUARY 15 2:15:00), rather than nunerical format (i.e. 55123
/'l seconds) a nunber of TMAP routines are available to aid in the conversion
/'l process. The steps required for conversion are as follows:

I

/1 1. Break the tine string into its 6 pieces. |If the data is of the
/1 form dd- mmm yyyy: hh: mm dd, the TMAP routine "tm break date.f" can
I be used.

/1 2. Choose a time_origin before the beginning of the tinme data to

/1 assure that all tine values are positive. i.e. if the data begins
I at 15- JAN-1982: 05: 30: 00, choose a tinme origin of

/1 15- JAN- 1981: 00: 00: 00. This tine_origin should then be an attribute
/1 of the time axis variable in the CDL file.

/1 3. Produce nunerical tinme data by using "tmsec frombc.f", which

Il cal cul ates the nunber of seconds between 01-01-0000: 00: 00: 00 and
Il the date specified. Continuing the exanple from (2), the tine
val ue

/1 for the first tine step with respect to the tine_origin could be
Il cal cul ated as foll ows:

I

/1 time(l) = tmsec_frombc(1982, 1, 15, 5, 30, 0) -

[/ tmsec frombc(1981, 1, 15, 0, 0, 0)

11l

/1 or nore generally

I

I ti me(n)=tmsec_frombc(nyear, nnont h, nday, nhour, nm nut e, nsecond) -
/1 tm sec_from bc(oyear, onont h, oday, ohour, om nut e, osecond)
Il

/1 where nyear is the year for the nth time step and oyear is the
year

/1 of time_origin.

Il

/1 VII. EXAVPLE CDL FILE dinensions:

/'l staggered grid dinmension definitions:

slon = 160 ; /1 wind/salt |ongitude di nension
ulon = 160 ; /1 velocity |ongitude dinmension
slat = 100 ; // wind/salt |atitude di nension
ulat = 100 ; /1 velocity latitude di nension
sdepth = 27 ; /1 salt depth di nension

wdepth = 27 ; /1 velocity depth dinmension

sl onl0_140 = 131 ; /1l for salt hyperslab
slat80_82 = 3 ; /1 for salt hyperslab

tinme = unlimted ;



[l grid definition is the dinension nanme to be used for all

grid_definition

1

/1 edge di mension definitions:

sdept h_edges
wdept h_edges

vari abl es:

/] variable definitions:

28
28

grid definitions

float wind(time, slat, slon) ; [/ 3-dinensional variable
W nd: parent _grid = "wind_grid" ;
wi nd: slab_mn_index = 1s, 1s, 1s, Os ;
wi nd: slab_max_index = 160s, 100s, 1s, Os ;
wi nd: long_nanme = "WND" ;
wind: units = "deg. C' ;
wi nd: _FillValue = 1E34f ;

float salt(tinme, sdepth, slat80 82, slonl0_140) ; // 4-dim

Vari abl e

salt: parent grid = "salt_grid" ;
salt: slab_mn_index = 10s, 80s, 1s, Os ;
salt: slab_max_index = 140s, 82s, 27s, Os ;
salt: long_name = "(SALINITY(ppt) - 35) /1000" ;
salt: units = "frac. by wt. less .035" ;
salt: FillValue = -999.f ;

float u(time, sdepth, ulat, ulon) ;
u: | ong_nane = "ZONAL VELOC TY" ;
u: units = "cnml sec" ;
u: _Fillvalue = 1E34f ;

float v(time, sdepth, ulat, ulon) ;
v: | ong_nane = "MERI DI ONAL VELOCI TY" ;
V: units = "cml sec" ;
v: _FillValue = 1E34f ;

float wW(tinme, wdepth, slat, slon) ;
w. | ong_nane = "VERTI CAL VELOCI TY" ;
W, units = "cml sec" ;
w. _FillValue = 1E34f ;

/1 axis definitions:

float slon(slon) ;
slon: units = "degrees" ;
sl on: point_spacing = "even" ;

float ulon(ulon) ;
ulon: units = "degrees" ;
ul on: point_spacing = "even" ;

float slat(slat) ;
slat: units = "degrees" ;
slat: point_spacing = "even" ;



float ulat(ulat) ;
ulat: units = "degrees"
ul at: point_spacing = "even" ;
fl oat sdepth(sdepth) ;
sdepth: units = "neters”
sdepth: positive = "down"
sdept h: edges = "sdepth_edges"
fl oat wdept h(wdepth) ;
wdepth: units = "neters”
wdept h: positive = "down" ;
wdept h: edges = "wdept h_edges" ;
float time(tine) ;
time: nmodulo =" " ;
time: time_origin = "15-JAN 1981: 00: 00: 00" ;
time: units = "seconds”

/1 child grid definitions:

float slonl0_140(slon10_140) ;
sl onl0_140: child axis =" " ;

sl onl0_140: units = "degrees" ;
float slat80_82(slat80 _82) ;

slat80 _82: child axis =" " ;

slat80_82: units = "degrees"

/1 edge axis definitions:

fl oat sdepth_edges(sdept h_edges) ;
fl oat wdept h_edges(wdept h_edges) ;

/1l parent grid definition:

char wind_grid(grid_definition) ;

wi nd_grid: axes = "slon slat normal tine"
char salt _grid(grid definition) ;
salt _grid: axes = "slon slat sdepth time" ;

/1 global attributes:
ctitle = "NetCDF Title" ;

dat a:

[l Il ignore this block [/

/1 This next data entry, for tine, should be ignored. Tinme is initialized here
/1l only so that Ferret can read test.cdf (the file created by this cdl file)
/1 with no additional data inserted into it.

Ti ne=1000;

/1 I/ end of ignored block //

sl at =

-28.8360729218, - 26. 5299491882, - 24. 2880744934, - 22. 1501560211, - 20. 1513576508,
-18. 3207626343, - 16. 6801033020, - 15. 2428140640, - 14. 0134353638, - 12. 9874248505,
-12. 1513509750, - 11. 4834814072, - 10. 9547319412, - 10. 5299386978, - 10. 1693935394,



. 8333206177, - 9.
. 1666526794, - 7.
. 4999852180, - 6.
. 8333187103, - 4.
. 1666517258, - 2.
. 4999852180, - 1.

4999876022, - 9.
8333187103, - 7.
1666517258, - 5.
4999852180, - 4.
8333184719, - 2.
1666518450, - 0.

1666536331, - 8.
4999847412, - 7.
8333182335, - 5.
1666517258, - 3.
4999852180, - 2.
8333183527, - 0.

8333196640, - 8.
1666512489, - 6.
4999852180, - 5.
8333187103, - 3.
1666519642, - 1.
4999849498, - 0.

4999856949,
8333182335,
1666517258,
4999852180,
8333185911,
1666515470,

. 1666818559, 0.
. 8333489895, 2.
. 5000162125, 3.
. 1666831970, 5.
. 8333497047, 7.

. 5000181198, 8.

5000152588, 0.
1666824818, 2.
8333497047, 4.
5000162125, 5.

1666827202, 7.
8333511353, 9.

8333486915, 1.
5000159740, 2.
1666831970, 4.
8333497047, 6.
5000166893, 7.
1666851044, 9.

1666821241, 1. 5000154972,
8333494663, 3. 1666829586,
5000162125, 4. 8333497047,
1666827202, 6. 5000162125,
8333501816, 8. 1666841507,
5000190735, 9. 8333530426,

10. 1679363251, 10. 5137376785, 10. 8892869949, 11. 3138961792, 11. 8060989380,
12. 3833675385, 13. 0618314743, 13. 8560228348, 14. 7786512375, 15. 8403968811,
17. 0497493744, 18. 4128704071, 19. 9334945679, 21. 6128730774, 23. 4497566223,
25. 4404067993, 27. 5786647797, 29. 8560409546, 32. 2618522644, 34. 7833900452,
37.4061241150, 40. 1139259338, 42. 8893203735, 45. 7137718201, 48. 5679702759;
ul at =

-27.6721439362, - 25. 3877544403, - 23. 1883945465,
-17.4507274628, - 15. 9094810486, - 14. 5761461258,
-11. 7785758972, - 11. 1883859634, - 10. 7210769653,
-9. 6666545868, - 9. 3333206177, - 8. 9999866486, - 8.
-7.9999856949, - 7. 6666517258, - 7. 3333182335, - 6.
-6.3333182335, -5.9999847412, -5. 6666517258, - 5.
-4.6666517258, - 4. 3333182335, - 3. 9999849796, - 3.
-2.9999852180, - 2. 6666519642, - 2. 3333184719, - 1. 9999853373, - 1. 6666518450,
-1.3333184719, - 0. 9999850392, - 0. 6666516662, - 0. 3333182633, 0. 0000151545,

-21.1119174957, -19. 1907978058,
-13. 4507236481, -12. 5241250992,
-10. 3387994766, - 9. 9999876022,
6666526794, - 8. 3333196640,
9999847412, - 6. 6666512489,
3333182335, - 4. 9999847412,
6666517258, - 3. 3333184719,
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8.

. 3333485723, 0.
. 0000154972, 2.
. 6666829586, 4.
. 3333492279, 5.
. 0000157356, 7.

6666841507, 9.

6666819453, 1.
3333489895, 2.
0000162125, 4.
6666827202, 6.

3333497047, 7.
0000181198, 9.

0000153780, 1.
6666827202, 3.
3333497047, 4.
0000162125, 6.
6666831970, 8.
3333520889, 9.

3333487511, 1. 6666821241,
0000162125, 3. 3333497047,
6666827202, 5. 0000162125,
3333492279, 6. 6666827202,
0000171661, 8. 3333511353,

6666860580, 10. 0000190735,

10. 3358526230, 10. 6916217804,
12. 6953773499, 13. 4282865524,

11. 0869522095, 11. 5408391953, 12. 0713586807,
14. 2837600708, 15. 2735414505, 16. 4072513580,
17. 6922454834, 19. 1334934235, 20. 7334957123, 22. 4922523499, 24. 4072608948,
26. 4735546112, 28. 6837768555, 31. 0283031464, 33. 4953994751, 36. 0713844299,
38. 7408676147, 41. 4869842529, 44. 2916526794, 47. 1358833313, 50. 0000534058;
sl on=

130. 5, 131.
142. 5, 143.
154. 5, 155.
166. 5, 167.
178.5, 179.
190. 5, 191.
202. 5, 203.
214.5, 215.
226.5, 227.
238. 5, 239.
250. 5, 251.
262. 5, 263.
274.5, 275.

5, 132.
5, 144.
5, 156.
5, 168.
5, 180.
5,192.
5, 204.
5, 216.
5, 228.
5, 240.
5, 252.
5, 264.
5, 276.

5, 133.
5, 145.
5, 157.
5, 169.
5, 181.
5, 193.
5, 205.
5, 217.
5, 229.
5, 241.
5, 253.
5, 265.
5, 277.

5, 134.
5, 146.
5, 158.
5, 170.
5, 182.
5, 194.
5, 206.
5, 218.
5, 230.
5, 242.
5, 254.
5, 266.
5, 278.

5, 135.
5, 147.
5, 159.
5,171.
5, 188.
5, 195.
5, 207.
5, 219.
5, 231.
5, 243.
5, 255.
5, 267.
5, 279.

5, 136.
5, 148.
5, 160.
5, 172.
5, 184.
5, 196.
5, 208.
5, 220.
5, 232.
5, 244.
5, 256.
5, 268.
5, 280.

5, 137.
5, 149.
5, 161.
5, 173.
5, 185.
5, 197.
5, 209.
5,221.
5, 238.
5, 245.
5, 257.
5, 269.
5, 281.

5, 138.
5, 150.
5, 162.
5, 174.
5, 186.
5, 198.
5, 210.
5, 222.
5, 234.
5, 246.
5, 258.
5, 270.
5, 282.

5, 139.
5, 151.
5, 163.
5, 175.
5, 187.
5, 199.
5, 211.
5, 228.
5, 235.
5, 247.
5, 259.
5, 271.
5, 288.

5, 140.
5, 152.
5, 164.
5, 176.
5, 188.
5, 200.
5, 212.
5, 224.
5, 236.
5, 248.
5, 260.
5,272.
5, 284.

5, 141.
5, 153.
5, 165.
5, 177.
5, 189.
5, 201.
5, 213.
5, 225.
5, 237.
5, 249.
5, 261.
5, 273.
5, 285.
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286. 5, 287. 5, 288. 5, 289. 5;

ul on=

131.0, 132.0, 133.0, 134. 0, 135. 0, 136. 0, 137. 0, 138. 0, 139. 0, 140. 0, 141. 0, 142.
143. 0, 144. 0, 145. 0, 146. 0, 147. 0, 148. 0, 149. 0, 150. 0, 151. 0, 152. 0, 153. 0, 154.
155. 0, 156. 0, 157. 0, 158. 0, 159. 0, 160. 0, 161. 0, 162. 0, 163. 0, 164. 0, 165. 0, 166.
167.0, 168. 0, 169.0, 170.0,171.0,172.0,173.0,174.0, 175.0, 176.0, 177. 0, 178.
179. 0, 180. 0, 181. 0, 182. 0, 183. 0, 184. 0, 185. 0, 186. 0, 187. 0, 188. 0, 189. 0, 190.
191.0, 192. 0, 193. 0, 194. 0, 195. 0, 196. 0, 197. 0, 198. 0, 199. 0, 200. 0, 201. 0, 202.
203. 0, 204. 0, 205. 0, 206. 0, 207. 0, 208. 0, 209. 0, 210. 0, 211. 0, 212. 0, 213. 0, 214.
215.0, 216. 0, 217. 0, 218. 0, 219. 0, 220. 0, 221. 0, 222. 0, 223. 0, 224. 0, 225. 0, 226.
227.0,228.0, 229. 0, 230. 0, 231. 0, 232. 0, 233. 0, 234. 0, 235. 0, 236. 0, 237. 0, 238.
239. 0, 240. 0, 241. 0, 242. 0, 243. 0, 244. 0, 245. 0, 246. 0, 247. 0, 248. 0, 249. 0, 250.
251. 0, 252. 0, 253. 0, 254. 0, 255. 0, 256. 0, 257. 0, 258. 0, 259. 0, 260. 0, 261. 0, 262.
263. 0, 264. 0, 265. 0, 266. 0, 267. 0, 268. 0, 269. 0, 270. 0, 271. 0, 272. 0, 273. 0, 274.
275.0,276.0,277.0, 278. 0, 279. 0, 280. 0, 281. 0, 282. 0, 283. 0, 284. 0, 285. 0, 286.
287.0, 288. 0, 289. 0, 290. 0;

sdept h=
5.0,15.0,25.0,35.0,45.0,55.0,65.0, 75.0, 85.0, 95.0, 106. 25, 120. 0, 136. 25, 155. 0,
177.5, 205. 0, 240. 0, 288. 5, 362. 5, 483. 5, 680. 0, 979. 5, 1395. 5, 1916. 0, 2524. 0, 3174. 0,
3824. 0;

sdept h_edges=

0.0, 10. 0, 20. 0, 30. 0, 40. 0, 50. 0, 60. 0, 70. 0, 80. 0, 90. 0, 100. 0, 112. 5, 127. 5,

145. 0, 165. 0, 190. 0, 220. 0, 260. 0, 317. 0, 408. 0, 559. 0, 801. 0, 1158. 0, 1633. 0, 2199. 0,
2849. 0, 3499. 0, 4149. 0;

wdept h=

10. 0, 20. 0, 30. 0, 40. 0, 50. 0, 60. 0, 70. 0, 80. 0, 90. 0, 100. 0, 112. 5, 127. 5, 145. 0, 165. 0,
190. 0, 220. 0, 260. 0, 317. 0, 408. 0, 559. 0, 801. 0, 1158. 0, 1633. 0, 2199. 0, 2849. 0, 3499. 0,
4149. 0;

wdept h_edges=

5.0,15.0, 25.0, 35.0, 45.0,55.0,65.0, 75. 0, 85. 0, 94. 375, 105. 625, 119. 375, 135. 625,
153. 75, 176. 25, 202. 5, 235. 75, 280. 0, 347. 5, 460. 75, 651. 25, 950. 0, 1372. 75, 1895. 0,
2524. 0, 3174. 0, 3986. 5, 4311. 0;
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sl onl0_140=
139.5, 140.5, 141.5, 142.5, 143.5, 144.5, 145.5, 146.5, 147.5,
148.5, 149.5, 150.5, 151.5, 152.5, 153.5, 154.5, 155.5, 156.5, 157.5,
158.5, 159.5, 160.5, 161.5, 162.5, 163.5, 164.5, 165.5, 166.5, 167.5,
168.5, 169.5, 170.5, 171.5, 172.5, 173.5, 174.5, 175.5, 176.5, 177.5,
178.5, 179.5, 180.5, 181.5, 182.5, 183.5, 184.5, 185.5, 186.5, 187.5,
188.5, 189.5, 190.5, 191.5, 192.5, 193.5, 194.5, 195.5, 196.5, 197.5,
198.5, 199.5, 200.5, 201.5, 202.5, 203.5, 204.5, 205.5, 206.5, 207.5,
208.5, 209.5, 210.5, 211.5, 212.5, 213.5, 214.5, 215.5, 216.5, 217.5,
218.5, 219.5, 220.5, 221.5, 222.5, 223.5, 224.5, 225.5, 226.5, 227.5,
228.5, 229.5, 230.5, 231.5, 232.5, 233.5, 234.5, 235.5, 236.5, 237.5,
238.5, 239.5, 240.5, 241.5, 242.5, 243.5, 244.5, 245.5, 246.5, 247.5,
248.5, 249.5, 250.5, 251.5, 252.5, 253.5, 254.5, 255.5, 256.5, 257.5,
258.5, 259.5, 260.5, 261.5, 262.5, 263.5, 264.5, 265.5, 266.5, 267.5,
268.5, 269.5 ;

sl at 80_82=

11. 8060989379883, 12. 3833675384522, 13.0618314743042 ;



Ch10 Sec4. CREATING A MULTI-FILE NETCDF DATA SET

Ferret supports collections of NetCDF files that are regarded as a single NetCDF data set. Such
data sets are referred to as "M C" (multi CDF) data sets. They are defined via a descriptor file, in
the style of TMAP-formatted data sets. These are FORTRAN NAMELIST-formatted files. Slight
variations in syntax exist between systems. The requirements for an MC data set are described in
the chapter "Data Set Basics', section "Multi-file NetCDF data sets".

Previousto version 5.2 Ferret performs sanity checking on the data set by comparing these time
coordinates with those found in the data files as he data are read. In version 5.3 and higher no
sanity checks are performed. This means that the M C descriptor mechanism can be used to
associate into time series groups of filesthat are not internally self-documenting with respect to

time, however, it also shifts an additional burden onto the user of carefully checking the validity of
the STEPFILE records in the descriptor files.

Beginning with version 5.8 of Ferret the stepfiles may contain different scale and offset values for

the variables they contain. (p. 253). Ferret reads and applies the scale and offset values as data
from each stepfile is read. Note that the commands

yes? SAY "var, RETURN=nc_offset"

yes? SAY “var, RETURN=nc_ scal e’

return the latest scale and offset value that were applied.

The fields which are essential to consider are
$FORMAT_RECORD

D _TYPE =' MC,
D_FORMAT ="' 1A',

which must be exactly as shown.
$BACKGROUND_RECORD
D TITLE = 'Put your data set title here,

where you can insert a data sets title to appear on plots and listings;



D_TOTIME ='14-JAN-1980 14:00:00,
which corresponds exactly to the /TO qualifier on the DEFINE AX1S command
D _TIME_UNIT = 3600.0,

which contains the same information as/UNITS= on the DEFINE AXIS command encoded  as
numbers of seconds. (/JUNITS="minutes" correspondsto D_TIME_UNIT = 60., /lUNITS="hours'
correspondsto D_TIME_UNIT = 3600., etc.)

D _CALTYPE ='360 DAY",

to specify the name of the calendar if your time axisis not on the standard Gregorian calendar.
See the discussion of time axes and calendars (p. 130) for more on the calendars available.

$STEPFILE_RECORD
S FILENAME = 'mtaa063-nc.001’,

which pointsto the individual file names. Typically you will need one STEPFILE_RECORD for
each file in the series, however if the files are named with extension .001, .002, ... you can use
S NUM_OF_FILES below.

S START = 17592.0,
which contains the time step value of the first time step in the file. (For help determining the time
step values use DEFINE A XIS to create the desired time axis (say, my_t_ax) and then use LIST
T[gt=my_t_ax] to see the dates and time steps.)

S END = 34309.0,

which contains the time step value of the last time step in the file (or group of filesif
S NUM_OF FILESisgreater than 1). If thereisonly asingletime step inthefileset S END
identical to S START.

S DELTA =73.0,

which contains the delta value separating time steps within in thefile. If thereis only asingle time
stepinthefileset S DELTA = 1.

S NUM_OF FILES =23,



Normaly S NUM_OF FILES should be omitted or should have avalue of 1. Useit for the
special case that your files are named with ending .001, .002, .... in which case you can describe
them all with asingle STEPFILE_RECORD asin the example. (S_DELTA must then also
describe the delta between the last time step in each file and the first time step in the next file of
the series.)

Ch10 Sec4.1. Toolsfor making descriptor files

Two Ferret Users have written tools to create multi-file NetCDF data sets. They are

1) A unix shell script, nc2mc which is available and documented at
http://www.mpch-mainz.mpg.de/~joeckel/nc2mc/

2) A perl script, make_deswhich is available and documented at
http://www.gfdl.noaa.gov/~atw/ferret/make_des

Ch10 Sec4.2. Exampledescriptor file

A typical MC descriptor fileis given below. Thisfiletiesinto a single data set the 23 files named
mtaa063-nc.001 through mtaa063-nc.024. The time steps are encoded in the descriptor file
throughthe S_START and S_END values.

Descriptor files have a space before the $ in the record headers, and comment lines begin with a*.
In addition there are differences in the formatting of descriptor files depending on the operationg
system. Hereisan FAQ which addresses these differences:

http://www ferret.noaa.gov/Ferret/FAQ/system/linux mc descriptors.html

RO R Ik I S R R S R e R ARk kS R R S R R kO kI Rk e e R R ek kS kI

* NOAA/ PMEL Tropi cal Moddeling and Analysis Program Seattle, WA *
* created by MAKE DESCRI PT rev. 4.01 *
kkkkhkkkhkhkkkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhhkkhkhkkhkhkkhkhhkkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkikkhkikkkhkikkhkikkkix*k
$FORVAT _RECORD

D _TYPE = MC

D_FORNVAT = 1A',


http://www.ferret.noaa.gov/Ferret/FAQ/system/linux_mc_descriptors.html

D_SOURCE_CLASS = ' MODEL OUTPUT',
$END
$BACKGROUND _RECORD
D_EXPNUM = ' 0063,
D_MODNUM ="' AA,
D TITLE = ' MOM nodel out put forced
D _TOTI ME = ' 14- JAN- 1980 14:00: 00",
DTIMEUNT = 3600. 0,
D _TI ME_MODULO = . FALSE. ,
D_ADD_PARM = 15*" ',
$END
$MESSACGE_RECORD
D_MESSAGE ="',
D _ALERT_ON_OPEN = F,
D_ALERT_ON_OUTPUT = F,
$END

R I Rk kI Sk kS R Rk S S kI

$EXTRA RECORD
$END

$STEPFI LE_RECORD

s _fil enane ' nt aa063- nc. 001",

S_AUX_SET_NUM =0,

S_START = 17592. 0,

S_END = 34309. 0,

S DELTA = 73.0,

S _NUM OF FI LES = 23,

S_REGVARFLAG =
$END
R IR SR I S S b R I S b S I b S R I S I I I b L I b S b I I
$STEPFI LE_RECORD

s_filename = '**END OF STEPFI LES**'

$END

kkhkkhkkkhkhhkkhkhhkkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhkkhkihkhkikkikhk*

by Sadl er wi nds',

For help with Ferret see our Support Policy

Last modified: December 16, 2004


file:///Z|/ansley/FERRET/HOMEPAGE/ferret_support.html

Chapter 11: WRITING EXTERNAL
FUNCTIONS

Ch1l Secl. OVERVIEW

External functions are user-written Fortran routines which are called from the Ferret
command line just asinternal Ferret functions (e.g. SIN, COS) are invoked. For
example, you might create aroutine to compute the amplitudes of the Fourier transform
of atime series (the periodogram) and name your function "FFT_AMP". In Ferret you
would use it like this:

LET ny fft = FFT_AMP(ny_tine_series)

Once the variable my_fft is defined, it can be used in other expressions, plotted, etc.
External functions can be used in every way that Ferret internal functions are used and
are distinguished only by their appearance after internal functions when the user issues a
SHOW FUNC command.

A Ferret external function uses input arguments defined in a Ferret session and
computes a result with user-supplied Fortran code. The external function specifies how
the grid for the result will be generated. The axes can be inherited from the input
arguments or specified in the external function code.

Utility functions, linked in when the external function is compiled, obtain information
from Ferret about variables and grids. The utility functions are described in section 6 (p.

284).

Ferret external functions are compiled individually to create shared object (.so) files.
These are dynamically linked with Ferret at run time. Ferret looks for shared object files
in the directories specified in the FER_EXTERNAL _FUNCTIONS environment
variable.

Ch1l Sec2. GETTING STARTED

Ferret Version 5.0 and later contains everything you need to run the external functions



which are included with the distribution. The environment variable
FER _EXTERNAL_ FUNCTIONS isdefined, listing the directory where the shared
object filesreside. To see alist of the included external functions and their arguments,

type
> ferret

yes? SHOW FUNC/ EXTERNAL
External Iy defined functions available to Ferret:
ADD 9(A,B,C, D, E,F,GHI)
(denonstration function) adds 9 argunents
AVET( A)
(denonstration function) returns the tinme average
A. data to be tinme averaged

Chl11 Sec2.1. Getting example/development code

To write your own external functions, you will need to get source code and set up a
directory in which to work. All of the source code you need to get started (M akefiles,
common files, simple examples) can be obtained from the Ferret Home Page. Go to the
External Functions page and follow the instructions there.

Y ou will need to download atar file to get started. When you untar this file you will
find that theef _utility/ directory containsthef err et cmm subdirectory,
containing common files that you need to compile external functions. The

ef utility/ directory must bein place before you can compile any of the other
external function code. Theexanpl es/ directory contains source code and a
Makef i | e. Youwill create further directories with your external functions source
code and Makefiles patterned on what is in the examples directory.

Also on the External Functions web page are documents about how to use code written
in Fortran 90 and on compiling code with an F95 compiler, contributed by Ferret users.

Ch11 Sec3. QUICK START EXAMPLE


http://www.ferret.noaa.gov/Ferret/External_Functions/

It's always easier to start coding from an example. Any of the external functions we
provide should be documented well enough to serve as a starting point for writing a new
function. In this section, we take the most trivial example function, pass_thru, and alter
It to do something alittle more interesting, if no more useful.

Ch1l Sec3.1. Thetimes2bad20 function

WE'I use the pass_thru(...) function as atemplate, modifying it into a times2bad20(...)
function. This new function will multiply all values by 2.0 and will replace missing
value flags with the value 20.0.

Inside any of the example functions, the areas that you need to (are allowed to) modify
are set off with

C*********

¢ USER CONFI GURABLE PORTI ON

—>| nsert your code here<—

¢ USER CONFI GURABLE PORTI ON

C*********

Here's what you need to do to create the new function:

1. movetotheexanpl es/ directory

2. copypass_thru. Ftoti nes2bad20. F

3. useyour favorite editor to change each "pass_thru" to "times2bad20"

4. godown into the "times2bad20 init" section and change the description of the
function

5. goto the"times2bad20 compute" subroutine and change the code to ook like this



c* result(i,j,k,I) = bad flag result
result(i,j,k, 1) =20

ELSE
c* result(i,j,k, 1) = argl(i,j,kI)
result(i,j,k, 1) =2 * argl(i,j,k,I)

Assuming you have downloaded all of theef _uti | ity/ directory development code
and you are still intheexanpl es/ directory, you should be ableto (Figure 11_1)

4
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> make tines2bad20. so
> setenv FER EXTERNAL_FUNCTI ONS .
> ferret

yes? use coads_cl i mat ol ogy
yes? let a = tines2bad20(sst)
yes? shade a[l =1]

Congratulations! Y ou have just written your first external function.

Ch1l Sec4. ANATOMY OF AN EXTERNAL FUNCTION

Every Ferret external function containsan ~_i ni t subroutine which describes the
external function's arguments and result grid and a~_conput e subroutine which
actually performs the calculation. Three other subroutines are available for requesting
memory allocation; creating axis limits for the result variable which are extended with
respect to the defined region (useful for derivative calculations, etc.); and creating
custom axes for the result.

For the following discussion we will assume that our external function is called efname
(with source code in afile named efname.F). Examples are also taken from the external
functionsexanpl es/ directory which you installed when you downloaded the
external functions code. This section will briefly describe the work done by the

~_ i nit and~_conput e subroutines. Theindividual utility functions called by these
subroutines are described in the section on Utility Functions below.

When you name your external functions, be aware that Ferret will search its internal
function names before the external function names. So if you use a name that is already
in use, your function will not be called. Use SHOW FUNCTION from Ferret to list the
names that already are in use

Ch11 Sec4.1. The~_init subroutine (required)

subroutine efnane_init (id)



This subroutine specifies basic information about the external function. This
information is used when Ferret parses the command line and checks the number of

arguments; when it generates the output of SHOW FUNCTION/EXTERNAL; and in
determining the result grid.

The following code from exanpl es/ subt r act . F shows atypical example of an
~_ 1 nit subroutine. For an example with more arguments please ook at
exanpl es/ add_9. F. For an example where aresult axis is reduced with respect to
the equivalent input axistake alook at exanpl es/ percent _good t. F.

SUBRQUTI NE subtract _init(id)
I NCLUDE "ferret_cmm/EF_Util.cm’

I NTEGER id, arg

I I b S b b e b b b R O R I b I b S S b

* USER CONFI GURABLE PORTI ON

*

*

CALL ef set desc(id,' (denonstration function) returns: A -

CALL ef _set_num.args(id, 2) I' Maxi mum al l owed is 9
CALL ef _set _axis_inheritance(id, |IMLIED BY_ ARGS,
| MPLI ED_BY_ARGS, | MPLI ED BY _ARGS, | MPLI ED BY_ARGS)

CALL ef set pieceneal _ok(id, NO, NO NO NO

arg = 1
CALL ef set _arg nane(id, arg, "A)
CALL ef _set _axis_influence(id, arg, YES, YES, YES, VYES)

arg = 2
CALL ef set _arg nane(id, arg, 'B')
CALL ef set_axis_influence(id, arg, YES, YES, YES, VYES)

* USER CONFI GURABLE PORTI ON

I I b S b b e b b b S R R b I b S S b

RETURN
END

B )



Chl11 Sec4.2. The~_compute subroutine (required)

subroutine efnane_conpute (id, arg 1, arg 2, ..., result,
wkr 1, wk 2, ...)

This subroutine does the actual calculation. Arguments to the external function and any
requested working storage arrays are passed in. Dimension information for the
subroutine arguments is obtained from Ferret common blocksin

ferret _cmm/ EF_nmem subsc. corm. Thenenil ox: menthi x, etc. values are
determined by Ferret and correspond to the region requested for the cal culation.@Body
Text = Inthe~_conput e subroutine you may call other subroutines which are not part
of the efname_compute.F sourcefile.

SUBRQUTI NE subtract _conmpute(id, arg 1, arg 2, result)

I NCLUDE "ferret _corm/EF _ Uil.cmm’
I NCLUDE 'ferret _cmm/ EF _nem subsc. crm’

| NTECER i d

REAL bad fl ag( EF_MAX ARGS), bad flag result

REAL arg_1(nmemll ox: menihi x, nenil oy: menihi vy,

. menmll oz: menihi z, memll ot : menthit)

REAL ar g_2(nmengl ox: mnenRhi x, nmenRl oy: menhiy,

. menRl oz: menkhi z, menkl ot: menkhit)

REAL result (menresl ox: nenreshi x, nenresloy: menreshiy,
menrt esl oz: menr eshi z, nmenreslot: nenreshit)

* After initialization, the "res_' arrays contain indexing

i nformation

* for the result axes. The '"arg_' arrays wll contain the indexing
* information for each variable' s axes.

I NTEGER res_| o_ss(4), res_hi _ss(4), res_incr(4)
| NTEGER arg_| o_ss(4, EF_MAX ARGS), arg_hi _ss(4, EF_MAX ARGS)
arg_incr (4, EF_MAX_ARGS)

* kkhkhkkhkkhkhkkhkkhkhkkhhkkhkhkkhkkhkhkkhkkhkhkkhkhkkhkkhkhkkhk

*  USER CONFI GURABLE PORTI ON

*

INTEGER i ,j, k, |
INTEGER i 1, j1, k1, I1



INTEGER i 2, j2, k2, 12

CALL ef get _res _subscripts(id, res_lo_ss, res_hi_ss, res_incr)
CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)
CALL ef get _bad flags(id, bad flag, bad flag result)

*

* USER CONFI GURABLE POCRTI ON

* kkhkkkhkkhkkhkhkkhkkhkhkkhhkkhkkhkhkkhkkhkhkkhkhkkhkhkhk

RETURN
END

Please see the "L oop Indices" section for the example calculation.4.3

Chl1l Sec4.3. The~ work_size subroutine
(required when work arrays are defined)

This routine allows the external function author to request that Ferret alocate memory
(working storage) for use by the external function. The memory allocated is passed to
the external function when the ~conput e subroutine is called. The working storage
arrays are assumed to be REAL*4 arrays, adjust the size of the arrays for other data
types. Seethe sample code under ef get coordinates (p. 294) for an example of
allocating aREAL*8 work array. The working storage is deallocated after the
~conput e subroutine returns.

When working storage isto be requested, acall toef _set _num wor k_arrays
must beinthe~i ni t subroutine:

SUBROUTI NE efnanme_init (id)

CALL ef _set _numwork_arrays (id, 2)

A maximum of 9 work arrays may be declared. At the timethe ~wor k_si ze
subroutineis called by Ferret, any of the utility functions that retrieve information from
Ferret may be used in the determination of the appropriate working storage size.

Hereis an example of a~wor k_si ze subroutine;



SUBROUTI NE ef name_wor k_si ze(i d)

I NCLUDE "ferret_cmm/EF_Util.cm’

I NCLUDE 'ferret_cmm/EF_nmem subsc.cmm’
| NTECER i d

*

* ef _set_work_ array_lens(id, array #, X len, Ylen, Zlen, T len)
| NTEGER nx, ny, id
| NTEGER arg_l o_ss(4, 1: EF_MAX_ARGS), arg_hi _ss(4, 1: EF_MAX_ARGS)
arg_incr (4, 1: EF_NMAX_ARGS)
CALL ef get _arg subscripts(id, arg_lo_ss, arg_hi _ss, arg_incr)

1 + (arg_hi _ss(X AXI S, ARGL) - arg_lo_ss(X AXI S, ARGL))
1 + (arg_hi _ss(Y_AXI S, ARGL) - arg_lo_ss(Y_AXI'S, ARGL))

CALL ef _set_work_array_lens(id,1, NX NY,1,1)
CALL ef _set_work_array_lens(id, 2, NX NY,1,1)

RETURN

In the argument list of the ~conput e subroutine, the work array(s) come after the
result variable. Declare the workspace arrays using index bounds wrk1lox:wrk2hix, ...
which were set by the ef set work array lens call above.

SUBQUTI NE ef nane_conpute (arg_1, result, workspacel, workspace?2)

* Di nrensi on the work arrays
REAL wor kspacel(w k1l ox: w klhi x, wklloy:wklhiy,
. wr k1l oz: wklhiz, wkllot:wklhit)
REAL wor kspace2(w k2l ox: wr k2hi x, wrk2l oy: wk2hiy,
wr k2l oz: wr k2hi z, w k2l ot:wk2hit)

Chll Sec4.4. The~ result_limitssubroutine
(required if result hasa custom or abstract axis)

The result limits routine sets the limits on ABSTRACT and CUSTOMaxes created by the



external function.

Anexample~resul t | i m ts routine might look like this:

SUBROUTINE nmy_result limts(id)
I NCLUDE 'ferret _cnrm/EF _Uil.cmm’
I NTEGER id, arg, NF

| NTEGER arg_| o_ss(4, EF_MAX ARGS), arg_hi _ss(4, EF_MAX ARGS)
. arg_i ncr (4, EF_NMAX_ARGS)
| NTEGER | 0, hi

CALL ef get _arg subscripts(id, arg lo_ss, arg_hi_ss, arg_incr)

arg = 1

|l o 1

hi (arg_hi _ss(T_AXIS,arg) - arg lo_ss(T_AXIS,arg) + 1)/ 2
call ef _set axis limts(id, T_AXIS, |lo, hi)

RETURN
END

Chl11 Sec4.5. The~ custom_axes subroutine
(required if result has a custom axis)

The ~cust om axes subroutine allows the external function author to create new axes
that will be attached the the result of the ~conput e subroutine. An example of such a
function might take time series data with atime axis and create, as aresult, a Fourier
transform with afrequency axis.

The ~cust om axes subroutine must be used with care because not all the Ferret
internal information is available to the external function at the time Ferret calls this
routine. Ferret must determine the grid on which avariable is defined before it actually
evaluates the variable. Thisisfundamental to the delayed evaluation framework -- the
aspect of Ferret that makes it possible to work with multi-gigabyte data sets while
having minimal awareness of memory limitations. The ~custom_axes routines are
called at the time that Ferret determines grid. Certain types of information are not
availableto Ferret (or to you, as author of an external function) during thistime. The
information which is not available is



1. the values of arguments to the function (capability to get the value of a scalar
argument is being implemented for afuture version)

2. context information specified with SET REGION

3. context information set with command qualifiers such as

CONTOUR/ X=130e: 80w

Items two and three are because this information is mutable -- it may be changed when
the function is actually invoked.

The context information which IS availableis

1. information that is actually contained in the function call, such asthe X limits of

LET nmyvar = MY_EFN(v[x=130e: 80w )

2. information that is embedded in nested variable definitions, such as the X limits of

LET tnp_var = v[x=130e: 800
LET nyvar = MY_EFN(t np_var)

If no context information is available through these means then the context information
supplied by the call to ef get arg_subscripts will be the full span (low and high limits)
of the relevant axes.

Examples:

Y ou can set an axis explicitly in subroutine my_fcn_custom_axes:

SUBROUTI NE cust om cust om axes(i d)

I NCLUDE '"ferret_cmm/EF_Util.cm’

| NTEGER i d

CALL ef _set_customaxis(id, T_AXIS, 0.0, 1000.0, 25.0, "Hertz', NO
RETURN



END

Also, you can define an axis using information about the argument, asin the FFT
functions which set up afrequency axis based on the input time axis (somewhat
simplified here):

SUBRQUTI NE ffta _sanpl e_custom axes(id)

I NCLUDE "ferret_corm/EF _ Uil.cmm’
| NTEGER i d
I NTEGER nfreq_lo I, nfreqg_hi |

| NTEGER arg_| o_ss(4, EF_MAX ARGS), arg_hi _ss(4, EF_MAX_ ARGS)
. arg_i ncr (4, EF_MAX_ARGS)

| NTEGER ar g
| NTEGER nfreq, nd

REAL yquist, freql, freqgn
REAL boxsize(1)

arg = 1
CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)

CALL ef get box size(id, arg, T_AXIS, arg lo_ss(T_AXl S, arg),
arg_lo_ss(T_AXI S,arg), boxsize)

nfreq_lo_ | = arg_lo_ss(T_AXS, arg)

nfreq_hi | = arg_hi _ss(T_AXIS, arg)

nd = abs(nfreq_hi | - nfreqg_lo_I) + 1

nfreq = nd/ 2

yqui st = 1./(2.*boxsi ze(1)) I' Nyqui st frequency
freql 1.* yquist/ float(nfreq)

fregn 1. 001*yqui st

C Set | abel for the frequency axis CYC/ units.

outunits = 'cyc/ day’

CALL ef set _customaxis (id, T_AXIS, freql, freqgn, freql, outunits,
NO)

RETURN
END



Ch11 Sec5. NOTESAND SUGGESTIONS

Ch11 Sec5.1. Inheriting axes

When creating an external function, you can get Ferret to do alot of conformability
checking for you if you "inherit axes' properly. This means that Ferret can be
responsible for making sure that the arguments you pass to the function are of the
proper dimensionality to be combined together in basic operations such as addition,
multiplication etc. For any given axis orientation, X, Y, Z, or, T, two arguments are said
to be conformable on that axisif 1) they are either of the same length, or 2) at least one
of the arguments has asize of 1 on the axis. ( The terminology "size of 1" may
equivaently be thought of asasize of 0. In other words, the datais normal to this axis.)
When Ferret encounters a problem it will send an error message rather than passing the
data to your external function which might result in a crash.

To get Ferret to do thiskind of checking you should inherit axes from as many
appropriate arguments as possible. For instance, in subtract.F we have the following
sections of code:

subtract _init(...)

CALL ef set _axis_inheritance(id, |IMPLIED BY ARGS,
| MPLI ED_BY_ARGS, | MPLI ED BY _ARGS, | MPLI ED BY_ ARGS)

This means that the axes of the result, and the index range of the result on those axes,
will be determined by arguments.

arg = 1
CALL ef set_arg nane(id, arg, 'A)
CALL ef set _axis_influence(id, arg, YES, YES, YES, YES)

arg = 2



CALL ef set_arg nane(id, arg, 'B')
CALL ef set_axis_influence(id, arg, YES, YES, YES, VYES)

Here we specify that each result axis is dependent upon the axes from both arguments.
When Ferret sees this, it knows the arguments must be conformable before it passes
them to the external function.

The advantages of this approach are best understood by thinking about this example
function"MY_ADD_FUNCTION," which performs a simple addition:

LET argl X[ x=0: 1:.1]
LET arg2 = Y[ Y=101:102:. 05]
LET nmy_result = MY_ADD FUNCTI ON(argl, arg2)

The desired outcome isthat "my_result" is a2-dimensional field which inheritsits X
axisfromargl and its Y axisfrom arg2.

If arguments and result are on the same grid, you should inherit all axes from all
arguments. In general, you should inherit axes from as many arguments as possible.

Ch11 Sech.2. Loop indices

Note: Array indices need not start at 1.

Because the data passed to an external function is often a subset of the full data set,
array indices need not start at 1.

Note: Indices on separ ate arguments are not necessarily the same.
This might occur, for instance, with variables from different data sets.

Because of this, we need to ask Ferret what the appropriate index values are for the
result axes and for each axis of each argument. We aso need to know whether the
increment for each axis of each argument is0 or 1. An increment of O would be
returned, for example, asthe Y axisincrement of an argument which which was only
defined on the X axis. The datafor this argument would be replicated along the Y axis



when needed in acalculation.

The following section of code from subtract.F retrieves the index and increment
Information:

CALL ef get res subscripts(id, res lo_ss, res_hi_ss, res_incr)
CALL ef get _arg subscripts(id, arg lo_ss, arg _hi _ss, arg_incr)

Once we have this information we must make sure that we don't mix and match indices.
It's possible that you can write code which will work in the very simplest cases but will
fail when you try something like:

yes? let a = ny_func(sst[d=1],airt[d=2])
yes? plot a[l =@ve]

The solution is straightforward if not very pretty: Assign a separate index to each axis of
each argument and index them all separately. The codeinsubt r act . F shows how to
do it with two arguments:

il =arg_|lo_ss(X AXl S, ARGL)
i2 = arg_lo_ss(X AXl S, ARR)
DO 400 i=res_lo_ss(X AXIS), res_hi _ss(X AXIYS)

j 1
| 2
DO

arg_l o _ss(Y_AXI S, ARGL)
arg_l o_ss(Y_AXI S, ARXR)
00 j=res_lo_ss(Y_AXIS), res_hi_ss(Y_AXIYS)

W Il

arg_l o_ss(Z_AXI S, ARGL)
arg_l o_ss(Z_AXI S, ARR)
00 k=res_lo_ss(Z AXIS), res_hi_ss(Z _AXI'S)

~ X
38 A
NI

= arg_lo_ss(T_AXI S, ARGL)
= arg_l o_ss(T_AXI S, ARR)
DO 100 I=res_lo_ss(T_AXIS), res_hi _ss(T_AXIYS)

IF ( arg_2(il1,j1,k1,11) .EQ bad_flag(l) .OR
arg 2(i2,j2,k2,12) .EQ bad_flag(2) ) THEN

result(i,j,k,l) = bad_flag_result



ELSE

result(i,j,k,1) =arg_1(i1,j1,k1,11) -
arg_2(i2,j2,k2,12)

END | F

1 + arg_incr(T_AX S, ARGL)
2 + arg_incr(T_AXl S, ARXR)

1 =
12 =
100 CONTI NUE

k1
k2
200 CONTI NUE

ki1 + arg_incr(Z_AXIS, ARGL)
k2 + arg_incr(Z_AXI S, ARXR)

j1 =j1 + arg_incr(Y_AXIS, ARGL)
j2 = j2 + arg_incr(Y_AXI S, ARR)
300 CONTI NUE

—_——

il =11+ arg_incr(X _AXl S, ARGL)
i2 =12 + arg_incr(X_AXl S, ARXR)
400 CONTI NUE

Ch11 Sec5.3. Reduced axes

For external functions we introduce the concept of "axis reduction.” The result of an
external function will have axes which are either RETAINED or REDUCED with
respect to the argument axes from which they are inherited. By default, al result axes
have their axis reduction flag set to RETAINED. Every result axiswhich hasit axis
inheritance flag set to IMPLIED_BY_ARGS will have the same extent (context) as the
argument axis from which it inherits. Setting the axis reduction flag to REDUCED
means that the result axis is reduced to a point by the external function.

The axis reduction flag only needs to be applied when the result is reduced to a point
but SET REGION information should still be applied to the external function
arguments. (e.g. afunction returning a status flag) In such a case the result axes should
be IMPLIED_BY_ARGS and REDUCED. (as opposed to NORMAL and RETAINED)

Thepercent _good _t. F function isagood example of where the axis reduction flag



needs to be set. This function takes a 4D region of data and returns a time series of
values representing the percentage of good data at each time point. Inside the
percent good_t i nit subroutinewe seethat the X, Y and Z axes are reduced
with respect to the incoming argument:

EEE I S b b S S b S S S S I S R S b b S S S
* USER CONFI GURABLE PORTI ON
*
*
CALL ef set desc(id,
. '(denonstration function) returns % good data at each tine' )
CALL ef _set_num args(id, 1)
CALL ef set _axis_inheritance(id, |IMLIED BY ARGS,
. | MPLI ED_BY_ARGS, | MPLI ED BY_ARGS, | MPLI ED _BY_ARGS)
CALL ef set _axis_reduction(id, REDUCED, REDUCED, REDUCED,
. RETAI NED)
CALL ef set pieceneal _ok(id, NO NO NO NO
arg = 1
CALL ef set _arg nane(id, arg, 'A)
CALL ef set_arg desc(id, arg, 'data to be checked')
CALL ef set _axis_influence(id, arg, YES, YES, YES, VYES)
*
*
* USER CONFI GURABLE PORTI ON
EEE I S b b S S S S S S S S S b b b b S S

This arrangement allows the user to specify an X/Y/Z region of interest and have this
region information used when the argument is passed to the function. If we had
specified X/Y/Z as NORMAL axes, Ferret would have understood this to mean that all
region information for these three axes can be ignored when the percent_good _t
functionis called. Thisis not what we want.

Chl11 Sech.4. String Arguments

Ferret can pass strings to external functions. This may be useful if you are writing
external functions to write a new output format, for example, and wish to pass the
output filename as an argument.

By default, all arguments are assumed to be of type FLOAT ARG Inthe~i ni t
subroutine, the external function must tell Ferret which arguments are to be handled as



strings:

arg = 1

CALL ef set_arg type(id, arg, STRI NG ARG

CALL ef set _arg nane(id, arg, 'nessage')

CALL ef set _arg desc(id, arg, 'String to be witten when
executing."')

CALL ef set _axis_influence(id, arg, YES, YES, YES, VYES)

In the ~conput e subroutine, a pointer to the string argument is passed in and
dimensioned as any other argument. A text variable must be declared and a utility
function is used to get the actual text string. As an example:

SUBRQUTI NE string _args_conpute(id, arg_1, arg_ 2, result)

I NCLUDE "ferret_cmm/EF_Util.cm’
I NCLUDE 'ferret_cmm/EF_nmem subsc.cmm’

| NTECGER i d

REAL bad _flag(1l: EF_MAX ARGS), bad flag result
REAL arg_1(nmemll ox: mentihi x, nmenil oy: menthi vy,
meml oz: menihi z, memdll ot : menthi t)

REAL ar g_2(nmengl ox: menkhi x, nmen2l oy: menhiy,

. menRl oz: menkhi z, nenkl ot: menkhit)
REAL result(nmenresl ox: nenreshi x, nenresloy: menreshiy,
menrt esl oz: menr eshi z, nmenresl ot: nenreshit)

I NTEGER res_| o_ss(4), res_hi _ss(4), res_incr(4)
| NTEGER arg_| o_ss(4, 1: EF_MAX _ARGS), arg_hi _ss(4, 1. EF_MAX_ARGS)
arg_incr (4, 1: EF_NMAX_ARGS)

CHARACTER ar gl_t ext *160

* kkhkkkhkkhkkhkhkkhkkhkhkkhhkkhkkrkhkkhkhkhkkihkkhkhkh*k

* USER CONFI GURABLE PCRTI ON

*

INTEGER i, ], k, |
INTEGER i 1, j1, k1, I1

CALL ef get _arg string(id, 1, argl text)

VRI TE( 6, 49) argl_text
49  FORMAT (' The text for arglis : ""',a,'"'"")



Ch11 Sec6. UTILITY FUNCTIONS

The lists below describe the utility functions built into Ferret which are available to the
external function writer. These are used to set parameters associated with the external
function and to retrieve information provided by Ferret. (Input variables, sending
information to Ferret, are in plain type and output variables, getting information from
Ferret, areinitalic.)

Ch11 Sec6.1. EF _Util.cmn

External functions need to includethe EF _Ut i | . cmm filein each subroutine in order
to use various pre-defined parameters. These parameters are defined in the table below:

Parametersdefined inEF_Uti | . cmm

To makethe code morereadable:

X _AXI'S (=1) ARGL (=1) ARGE (=5) ARG (=9)
Y AXI'S (=2) ARG (=3) ARGS (=6) YES (=2)
Z AXI'S (=3) ARG3 (=3) ARG? (=7) NO  (=0)

T AXIS (=4) ARGA (=4) ARGS (=8)



Internal parametersfor Ferret:

CUSTOM result axis is defined by the external function

| MPLI ED BY ARGS result axisisinherited from one (or more) of the arguments

NORIVAL this axis does not exist in the result
ABSTRACT result axisis an indexed axis [1:N]

RETAI NED result axis has same extent as argument axis
REDUCED result axisis reduced to a point

Ch11 Sec6.2. Available utility functions

Setting Parameter

. ef set desc(id, desc) (p. 286)

. ef _set num_args(id, num) (p. 286)

. ef set piecemea ok(id, Xyn, Yyn, Zyn, Tyn) (p. 287)

. ef set axis inheritance(id, Xsrc, Ysrc, Zsrc, Tsrc) (p. 286)
. ef set arg name(id, arg, name) (p. 287)

. ef set arg desc(id, arg, desc) (p. 287)

. ef set arg unit(id, arg, unit) (p. 287)

. ef_set_arg_type(id, arg, type) (p. 288)

. ef set axis influence(id, arg, Xyn, Yyn, Zyn, Tyn) (p. 288)
. ef set axis reduction(id, Xred, Yred, Zred, Tred) (p. 289)

. ef set axis extend(id, arg, axis, lo_amt, hi_amt) (p. 288)

. ef set axis limits(id, axis, lo, hi) (p. 289)

. ef set custom axis(id, axis, lo, hi, delta, unit, modulo) (p. 289)
. ef _set num work_arrays(id, num) (p. 290)



. ef set work_array_dims(id, array, Xlo, Ylo, Zlo, Tlo, Xhi, Yhi, Zhi, Thi) (p.
290)

Getting I nfor mation
For all calculations
. ef get res subscripts(id, res 1o ss, res hi_ss, res incr) (p. 290)
. €ef get arg_subscripts(id, arg lo_ss, arg_hi_ss, arg_incr) (p. 292)
. ef get bad flags(id, bad_flag, bad flag result) (p. 294)
Text
. ef get arg_info(id, arg, name, title, units) (p. 291)
. ef get arg_string(id, arg, text) (p. 291)
. ef _get axis info(id, arg, name, units, bkwd, modulo, regular) (p. 292)
. ef get axis dates(id, arg, tax, numtimes, datebuf) (p. 292)
Values
. ef get arg_ss extremes(id, arg, ss min, ss max) (p. 293)
. €ef get coordinates(id, arg, axis, lo, hi, coords) (p. 294)
. ef get box size(id, arg, axis, 1o, hi, size) (p. 295)

. ef _get box limits(id, arg, axis, lo, hi, lo_lims, hi_lims) (p. 296)
. ef get one va(id, arg, value) (p.297)

Other

. ef version test(version) (p. 297)
. €ef bal out(id, text) (p. 297)

Ch1l Sec6.2.1. e set desc(id, desc)

Assign atext string description to the external function.



I nput arguments:
1. I NTEGER i d: externa function's ID number

2. CHARACTER*(*) desc: description of thisfunction

Chl11 Sec6.2.2. & set num_args(id, num)

Specify the number of arguments this function will accept. The maximum number of
arguments allowed is 9

I nput arguments:
1. I NTEGER i d: externa function's ID number

2. | NTEGER num number of arguments for thisfunction

Chl11 Sec6.2.3. ef set axis inheritance(id, Xsrc, Ysrc, Zsrc,
Tsrc)

Specify where the result axes will come from. The acceptable values for each axis will
be one of:

CUSTOM result axisis defined by the external function
| MPLI ED BY _ARGS  result axisisinherited from one (or more) of the arguments
NORIVAL this axis does not exist in the result

ABSTRACT result axisisan indexed axis[1:N]



Input arguments:

1. I NTEGER i d: externa function's ID number

2. | NTEGER Xsrc:

3. | NTEGER Ysrc:

4. | NTEGER Zsrc:

5. | NTEGER Tsrc:

inheritance flag for the X axis
inheritance flag for the Y axis
inheritance flag for the Z axis

inheritance flag for the T axis

Chl1 Sec6.2.4. ef set piecemeal ok(id, Xyn, Yyn, Zyn, Tyn)

Tell Ferret whether it is ok to break up calculations along a particular axis. (Not
implemented as of Ferret v5.22, EF version 1.3)

I nput arguments:

1. I NTEGER i d: externa function's ID number

2. | NTEGER Xyn:
3. I NTEGER Yyn:
4. | NTEGER Zyn:

5. I NTEGER Tyn:

yes/no flag for the X axis
yes/no flag for the Y axis
yes/no flag for the Z axis

yes/no flag for the T axis

Ch1l Sec6.2.5. & set_arg name(id, arg, name)



Assign atext string name to an argument.

I nput arguments:

1. I NTEGER i d: external function's D number
2. | NTEGER ar g: argument number

3. CHARACTER*(*) name: argument name

Chl1 Sec6.2.6. ef set arg _desc(id, arg, desc)

Assign atext string description to an argument.
Input arguments:

1. I NTEGER i d: external function's 1D number
2. | NTEGER ar g: argument number

3. CHARACTER*(*) desc: argument description

Chl1 Sec6.2.7. ef set_arg unit(id, arg, unit)
Assign atext string to an argument's units.

I nput arguments:

1. I NTEGER i d: external function's ID number

2. | NTEGER ar g: argument number

3. CHARACTER*(*) wunit: unitdescription



Chl1 Sec6.2.8. ef set arg type(id, arg, type)

Specify the type of an argument as either FLOAT _ARGor STRI NG_ARG Inthe
~_conput e subroutine, theef get arg_stri ng() functionisused to obtain the
desired text string.

Input arguments:

1. I NTEGER i d: external function's D number

2. | NTEGER ar g: argument number

3. I NTEGER type: ether FLOAT_ARG or STRING_ARG

Chl1 Sec6.2.9. ef set axis extend(id, arg, axis, lo_amt, hi_amt)

Tell Ferret to extend the range of data passed for an argument. Thisis useful for cases
like smoothers where the result at a particular point depends upon arange of input
values around that point.

Input arguments:

1. I NTEGER i d: external function's D number
2. | NTEGER ar g: argument number

3. I NTEGER axi s: axisnumber

4. | NTEGER | o_ant : extension to the lo range (—1 means get one more point than
In the result)

5. I NTEGER hi _ant : extension to the hi range (+1 means get one more point than
In the result)



Ch11 Sec6.2.10. ef _set_axis influence(id, arg, Xyn, Yyn, Zyn,
Tyn)

Specify whether this argument's axes "influence" the result axes. A value of YES for a
particular axis means that the result should have the same axis as this argument. If the
result should have the same axis as several input arguments, then each argument should
specify YES for the axisin question. Notethat ef _set axi s_i nheritance must
have specified | MPLI ED_BY_ARGS for this axis.

I nput arguments:

1. I NTEGER i d: external function's D number
2. | NTEGER ar g: argument number

3. I NTEGER Xyn: influenceflag for the X axis
4. | NTEGER Yyn: influenceflagfor theY axis
5. I NTEGER Zyn: influenceflag for the Z axis

6. | NTEGER Tyn: influenceflag for the T axis

Chl11 Sec6.2.11. ef set axis reduction(id, Xred, Yred, Zred,
Tred)

Specify whether the result axes are RETAINED or REDUCED with respect to the
argument axes from which they are inherited. Setting the axis reduction flag to
REDUCED means that the result axisis reduced to a point by the external function. The
axis reduction flag need only be set when the result is reduced to a point but SET
REGION information should still be applied to the external function arguments.

Input arguments:



1.1 NTEGER i d: external function's ID number

2.1 NTEGER Xr ed: reduction flag for the X axis
3.1 NTEGER Yr ed: reduction flag for the Y axis
4.1 NTEGER Zr ed: reduction flag for the Z axis

5.1 NTEGER Tr ed: reduction flag for the T axis

Chl1l Sec6.2.12. ef set_axis limits(id, axis, lo, hi)

Specify thelo and hi limits of an axis. (Thisis not needed for most functions and must
appear in a separate subroutine named ~f unc_nanme~ _result _limts(id)).

I nput arguments:

1. I NTEGER i d: external function's D number

2. | NTEGER axi s: axisnumber

3. I NTEGER | o: index value of thelo range of thisaxis

4. | NTEGER hi : index value of the hi range of this axis

Chl11 Sec6.2.13. ef set custom_axis(id, axis, lo, hi, delta, unit,
modulo)

Create a custom axis. Thisis only used by functions which create a custom axis and
must appear in a separate subroutine named ~f unc_nanme~_cust om axes(i d).
See also the discussion of the custom_axis subroutine (p. 277)



I nput arguments:

1.

| NTEGER i d: external function's ID number

| NTEGER axi s: axis number

REAL | o: coordinate value of the lo range of this axis
REAL hi : coordinate value of the hi range of this axis
REAL del t a: increment for thisaxis
CHARACTER* (*) wuni t: unitfor thisaxis

| NTEGER nodul o: flag for modulo axes (1 = modulo)

Ch1l Sec6.2.14. ef set num_work_arrays(id, nwork)

Set the number of work arraysto be allocated. The maximum number of work arrays
allowedis 9.

I nput arguments:

1.

2.

| NTEGER i1 d: external function's ID number

| NTEGER nwor k: number of storage arrays

Ch11 Sec6.2.15. ef set work array dims(id, iarray, xlo, ylo,
zlo, tlo, xhi, yhi, zhi, thi)

Set the working array axis lengths.

I nput arguments:



1. I NTECGER i d: external function's D number

2. I NTEGER i array: array number

3. I NTEGER x| o: index value of thelo range of x axis
4. | NTEGER yl o: index value of thelo range of y axis
5. I NTEGER zl o: index value of thelo range of z axis
6. | NTEGER t | o: index value of thelo range of t axis
7. | NTEGER xhi : index value of the hi range of x axis
8. | NTECGER yhi : index value of the hi range of y axis
9. I NTEGER zhi : index value of the hi range of z axis

10. | NTEGER t hi : index value of the hi range of t axis

Chl11 Sec6.2.16. ef get res subscripts(id, res lo _ss, res hi_ss,
res incr)

Return lo and hi indices and increments to be used in looping through the calculation of
the result.

I nput arguments:

1. I NTEGER i d: externa function's ID number

Output arguments:

1. INTEGER res_| o _ss(4): theloendindicesfortheX, Y, Z, T axes of the



result

2. I NTEGER res_hi _ss(4): thehiendindicesfortheX, Y, Z, T axes of the
result

3. I NTECER res_incr(4): theincrement to beappliedtothe X, Y, Z, T axes of
the result

Sample code:

CALL ef get _res_subscripts(id,

res lo ss, res_hi_ss, res_incr) ... DO 400 i=res_|o_ss(X AXIS),

res_hi _ss(X AXIS) DO 300 j=res_|lo_ss(Y_AXIS), res_hi _ss(Y_AXIYS)
300 CONTI NUE 400 CONTI NUE

Chll Sec6.2.17. ef get_arg_info(id, iarg, arg _name, arg_title,
arg_units)

Return strings describing argument: name, title, units.
I nput arguments:
1. I NTEGER i d: external function's D number

2. | NTEGER i ar g: argument number

Output arguments:
1. CHARACTER*24 ar g_nane: thename of the argument
2. CHARACTER* 128 arg_titl e: titleassociated with the argument

3. CHARACTER*32 arg_units: theargument'sunits.



Ch11 Sec6.2.18. ef get_arg string(id, iarg, text)

Return the string associated with an argument of type STRING_ARG. The maximum
length for the string ist 160 characters.

Input arguments:
1. I NTEGER i d: externa function's ID number

2. | NTEGER i ar g: argument number

Output arguments:
1. CHARACTER*(*) text: theactual text string for the argument

Sample code:

CHARACTER ar g_t ext *160

R R I b b b I b I b i R Sk b b I b S

USER CONFI GURABLE PORTI ON

* kX %

INTEGCER i, ], k, |
INTECER i1, j1, k1, I1

CALL ef get_arg_string(id, 1, arg_text)
WRI TE( 6, 49) arg_text
49 FORVAT (' The text is : ""',a,'""")



Chl11 Sec6.2.19. ef get_axis info(id, iarg, axname, ax_units,
backward, modulo, regular)

Return strings describing argument: name, title, units.
I nput arguments:
1. I NTEGER i d: external function's D number

2. | NTEGER i ar g: argument number

Output arguments:

1. CHARACTER*16 ax_name(4): thename of the four axes
2. CHARACTER*16 ax_units(4): unitsof thefour axes

3. LOGE CAL backward(4): trueif axisisbackward axis

4. LOG CAL nodul o(4): trueif axisis modulo axis

5. LOGE CAL regul ar(4): trueif axisisregular axis

Chl11 Sec6.2.20. ef get axis dates(id, iarg, taxis, numtimes,
datebuf)

Returns the string date buffer associated with the time axis of an argument.
I nput arguments:

1. I NTEGER i d: externa function's ID number



2. | NTEGER i ar g: argument number
3. REAL*8 taxis(nuntines): timeaxiscoordinate values

4. | NTEGER nunt i nes: number of time

Output arguments:

1. CHARACTER*20 dat ebuf (nunti nes): thestring-date buffer for each time.

Chl1 Sec6.2.21. ef get arg subscripts(id, arg_lo ss, arg_hi_ss,
arg_incr)

Return lo and hi indices and increments to be used in looping through the cal culation of
the result.. Seethe discussion under custom_axis (p. 277) if you call

ef _get arg subscriptsto generate a custom axis.
Input arguments:

1. I NTEGER i d: externa function's ID number

Output arguments:

1. INTEGER arg | o_ss(4, EF_MAX ARGS): theloendindicesfortheX,Y, Z,
T axes of each argument

2. I NTEGER arg_hi _ss(4, EF_MAX ARGS) : thehi endindicesfortheX, Y, Z,
T axes of each argument

3. INTEGER arg_incr (4, EF_MAX _ARGS) : theincrement to be applied to the
X,Y, Z, T axesof each argument



Sample code:

I NTEGER i, ), k, |
INTEGER i1, j1, k1, |1
INTEGER i 2, |2, k2, 12
CALL ef get res _subscripts(id, res lo_ss, res_hi_ss, res_incr)
CALL ef get _arg subscripts(id, arg lo_ss, arg _hi_ss, arg_incr)

CALL ef get bad flags(id, bad flag, bad flag result)

arg | o_ss(X _AXI S, ARGL)
arg | o_ss(X AXI S, AR®R)

DO 400 i=res_lo ss(X AXIS), res_hi _ss(X AXI S)
il Il + arg_incr(X_AXI'S, ARGL)

i 2 12 + arg_incr(X_AXI' S, ARXR)
400 CONTI NUE

Chll Sec6.2.22. ef get arg ss extremes(id, num_args, SS min,
SS_max)

Return the maximum and minim index values for all the arguments. These define the
domain of the data.

I nput arguments:
1. I NTEGER i d: externa function's ID number

2. | NTEGER num_ ar gs: number of arguments for which to return index extremes

Output arguments:

1. INTEGER ss_m n(4, EF_MAX_ARGS) : the minimum indicesfor the X, Y, Z,
T axes of each argument



2. I NTEGER ss_max(4, EF_MAX ARGS) : the maximum indicesfor the X, Y, Z,
T axes of each argument

Example:

| NTEGER i d, num args

| NTEGER ss_m n(4, EF_MAX ARGS), ss_nmax(4, EF_MAX ARGS)
numargs = 3

CALL ef get _arg _ss _extrenes(id, numargs, Ss_mn, SS_nax)

Chl11 Sec6.2.23. ef get bad flags(id, bad flag, bad flag result)

Return the missing value flags for each argument and for the result.
Input arguments:

1. I NTEGER i d: externa function's ID number

Output arguments:
1. REAL bad_fl| ag( EF_MAX_ARGS) : missing value flags for each argument
2. REAL bad _flag_result: missing valueflag for the result

Sample code:

CALL ef get _res_subscripts(id, res_lo_ss, res_hi_ss, res_incr)
CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)
CALL ef get _bad flags(id, bad flag, bad flag result)

IF ( arg_2(il1,j1,k1,11) .EQ bad_flag(ARGL) ) THEN
result(i,j,k,I) = bad_flag_result
ELSE



Chll Sec6.2.24. ef get _coordinates(id, arg, axis, 1o, hi, coords)

Return the "world coordinates’ associated with a particular arg, axis and lo:hi range.

I nput arguments:

1.

4.

5.

| NTEGER i d: external function's ID number
| NTEGER ar g: argument number

| NTEGER axi s: axisnumber

| NTEGER | o: loindex of desired range

| NTEGER hi : hi index of desired range

Output arguments:

1.

REAL*8 coords(*): array of "world coordinate”" values (NB__ these values are

associated with index values |o:hi but are returned ascoor ds( 1: hi -1 0) .)

Sample code: in the wor k_size subroutine, define twice as many elements as
coordinates so as to have storage for REAL*8 numbers

*

*

SUBROUTI NE nyfcn_work_si ze(i d)
I NCLUDE "ferret_cmm/EF_Util.cm’
I NCLUDE 'ferret_cmm/ EF_nmem subsc.cmm’
| NTECGER i d

Set the work arrays, X/ Y/ Z/ T dinensions

| NTEGER nxout, nx2
I NTEGER arg_| o_ss(4, 1: EF_MAX _ARGS), arg_hi _ss(4, 1. EF_MAX_ARGS),
arg_incr (4, 1: EF_NMAX_ARGS)



CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)

nxout = 1 + arg_hi _ss(X AXI S, ARA) - arg_l o_ss(X _AXI S, ARA)
nx2 = nxout* 2

* Define work array XAX

CALL ef _set _work_ array dins (id, 1, 1, 1, 1, 1, nx2, 1, 1, 1)
RETURN
END

In the compute subroutine, dimension the REAL*8 coordinate array with half the
wkr 1hix dimension (wrkllox:wrk1hix, etc are defined by the wor k_size subroutine)

SUBRQUTI NE nyfcn_conpute(id, arg 1, arg 2, result, xax)

REAL arg_1(nemtll ox: mentihi x, mentl oy: menmthiy, menill oz: nenthi z,
. Menill ot : memihi t)
REAL result (menresl ox: nenreshi x, nenresloy: menreshiy,

ment esl oz: menr eshi z, nmenreslot: nenreshit)

I NTEGER res_| o_ss(4), res_hi _ss(4), res_incr(4)
| NTEGER arg_| o_ss(4, EF_MAX ARGS), arg_hi _ss(4, EF_MAX_ARGS)
Arg_incr (4, EF_MAX_ARGS)

C Dinension the work array: X dinmension was defined twice as |arge
C as the # coordinates, for double precision wrk array.

REAL*8 xax(w k1l ox: wrk1lhix/2, w k1l oy:w klhiy,
wr k1l oz: wr k1hi z, wrkll ot:wklhit)

CALL ef get _res _subscripts(id, res_lo_ss, res_hi_ss, res_incr)
CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)
CALL ef get _bad flags(id, bad flag, bad flag result)

CALL ef get _coordinates(id, ARGL, X AXIS, arg_l o _ss(X AXIS,
ARGL), arg_hi_ss(X AXIS, ARGL), xax )
dumy =1

DO 30 i = arg_lo_ss(Y_AXIS, ARGL), arg _hi_ss(Y_AXIS, ARGl)
cstr(i) =121.0/ cos( xax(dunmy) * (1.0/radian) )



dummy = dumy + 1
30 CONTI NUE

Chl1 Sec6.2.25. ef get box_size(id, arg, axis, lo, hi, size)

Return the box sizes (in "world coordinates") associated with a particular arg, axis and
lo:hi range.

I nput arguments:

1. I NTEGER i d: external function's D number
2. | NTEGER ar g: argument number

3. I NTEGER axi s: axis number

4. | NTEGER | o: loindex of desired range

5. I NTEGER hi : hi index of desired range

Output arguments:

1. REAL size(*): array of box sizevalues (NB_ these values are associated with
index valueslo:hi but are returned ascoor ds( 1: hi -1 0) )

Sampl e code:

REAL tk_y(w k1l ox:w klhi x, wklloy:wklhiy/2,
. wr k1l oz: wr k1lhi z, wrkllot:wklhit)
REAL t k_dx(wr k2l ox: w k2hi x, wrk2l oy: wk2hiy,
wr k2l oz: wr k2hi z, wrk2l ot:wk2hit)

| NTEGER dummy



CALL ef get _res _subscripts(id, res_lo_ss, res_hi_ss, res_incr)

CALL ef get _arg subscripts(id, arg lo_ss, arg_hi _ss, arg_incr)

CALL ef get _bad flags(id, bad flag, bad flag result)

CALL ef get _coordinates(id, ARGL, Y AXIS, arg lo ss(Y_AXIS, ARGl),

: arg_hi _ss(Y_AXIS, ARGL), tk_y )

CALL ef get _box_size(id, ARGL, X AXIS, arg_lo _ss(X AXIS, ARGl),
arg_hi _ss(X_ AXI'S, ARGLl), tk_dx )

dumy =

DO 20 i = arg_lo_ss(X AXIS, ARGL), arg hi_ss(X AXI S, ARGl)
dxt4r(i) = 1.0/ ( 4.0 * tk_dx(dummy) * radius/radian )
dummy = dummy +

20 CONTI NUE

Chl1 Sec6.2.26. ef get box limits(id, arg, axis, lo, hi, lo_lims,
hi_lims)

Return the box limits (in "world coordinates') associated with a particular arg, axis and
lo:hi range.

I nput arguments:

1. I NTEGER i d: external function's D number
2. | NTEGER ar g: argument number

3. I NTEGER axi s: axis number

4. | NTEGER | o: loindex of desired range

5. I NTEGER hi : hi index of desired range

Output arguments:



1. REAL lo_linms(*): array of box lower limit values (NB_ these values are
associated with index values|o:hi but are returned ascoor ds( 1: hi -1 0) .)

2. REAL hi |ins(*): array of box upper limit values (NB_ these values are
associated with index values |o:hi but are returned ascoor ds( 1: hi -1 0) .)

Chl1 Sec6.2.27. ef _get _one val(id, arg, value)
Return the value of 1x1x1x1 variable.

I nput arguments:

1. I NTEGER i d: external function's ID number

2.1 NTEGER ar g: argument number

Output arguments:

1. REAL val ue : Thevaue of the variable

Chl11 Sec6.2.28. ef version _test (version)

Return the version number of the external functions code that isin place.
Output argument:

1. REAL versi on : The version number

Chl11 Sec6.2.29. ef bail out(id, text)



Bail out of an external function, returning to Ferret and issuing a message to the user.
Input arguments:

1. I NTEGER i d: external function's ID number

2.1 NTEGER t ext : text string to output.

The bail-out message looks like this, where the text supplied in the call to ef_bail _out is
on the second line:

Bailing out of external function "ffta":
Time axis must be aregular axis
**ERROR: : error in external function

For help with Ferret see our Support Policy
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Part II: COMMANDS REFERENCE

Ref Secl. ALIAS

Anadliasfor DEFINE ALIAS (p. 312).

Ref Sec2. CANCEL

Cancels a program state or definition—generally paired with a SET or DEFINE command. See
commands SET (p. 366) and DEFINE (p. 312) for further information.

Arguments:
The arguments, which are names of variables, data sets, or other definitions can be specified

using wildcards. The * wildcard matches any number of charactersin the name; the ? wildcard
matches exactly one character.

Ref Sec2.1. CANCEL ALIAS

Cancels a user-defined command alias.

yes? CANCEL ALI AS ALI AS_NAME

The command UNALIASisan aliasfor CANCEL ALIAS.

Ref Sec2.2. CANCEL AXIS

/MODULO /DEPTH /ALL

CANCEL AXIS formsthe complement to DEFINE AXIS, or SET AXIS Itisalso applicable

to "persistent” axes which are defined by netCDF files such as climatological _axes.cdf -- axes

which are not associated with any variablesin the netCDF file, itself, and are not automatically
deleted when the data set is cancel ed.



yes? CANCEL AXI S AXI S_NAME

Attemptsto CANCEL AXIS on aaxiswhich isused by avariable in a currently open data set
will be rgjected with a message indicating the reason.

Command qualifiersfor CANCEL AXIS:
CANCEL AXISSMODULO

Cancels the modulo nature of a user-defined axis.

yes? CANCEL AXI S/ MODULO ny_x_axi s

or
yes? CANCEL AXI S/ MODULO ny _t *

CANCEL AXIS/IDEPTH

Cancels the depth setting of aZ axis, which may have been set with a positive="down"
attribute in a NetCDF file, or for a user-defined axiswith a DEFINE AXIS/DEPTH or SET
AXIS/IDEPTH command. If appliedtoan X, Y, or T axis, thisqualifier isignored.

yes? CANCEL AXI S/ DEPTH ny_z_axi s
CANCEL AXIS/ALL

Cancels all axes that have been defined by the user, and restores any coordinate storage that
was used to defineirregular axes. It does not cancel axes defined when a data set is opened.

CANCEL DATA_SET
/ALL /INOERROR

Removes the specified data set from the list of available sets.

yes? CANCEL DATA SET dsetl, dset2, ..., dsetn

where each dset may be the name or number of a data set; or

yes? CANCEL DATA/ ALL



(See dlso SET DATA_SET, p. 368, and SHOW DATA SET, p. 403.)

Command qualifiersfor CANCEL DATA_SET:
CANCEL DATA/ALL

Eliminates all data sets from the list of accessible data sets.
CANCEL DATA/NOERROR

Suppresses the error message otherwise generated when a data set that was never set is
canceled. Useful in GO scripts for closing data sets that may have been opened in previous
usage of the script.

Note that if agrid or axis from anetCDF file is used in the definition of a LET-defined
variable (e.g. LET my_X = X[g=sst[D=coads_climatology]]) that variable definition will be
invalidated when the data set is canceled (CANCEL DATA coads _climtology, in the preceding
example). Thereis asingle exception to this behavior: netCDF files such as
climtological_axes.cdf, which define grids or axes that are not actually used by any variables.
These grids and axes will remain defined even after the data set, itself, has been canceled. They
may be deleted with explicit use of CANCEL GRID or CANCEL AXIS.

CANCEL EXPRESSION

Un-specifies the current context expression. Ferret's "action” commands can be issued without
an argument (e.g., yes? PLQOT), in which case Ferret uses the current context expression.
This expression is either the argument of the most recent action command, or an expression set
explicitly with SET EXPRESSION.

yes? CANCEL EXPRESSI ON

The qualifier /ALL can be used with this command, but it exists for compatibility purposes
only and has no effect.

CANCEL GRID

CANCEL GRID formsthe complement to DEFINE GRID It is also applicable to "persistent”
grids which are defined by netCDF files such as climatological_axes.cdf -- grids which are



not associated with any variablesin the netCDF file, itself, and are not automatically deleted
when the data set is cancel ed.

Attemptsto CANCEL GRID on agrid or axiswhich is used by avariable in a currently open
data set will be rejected with a message indicating the reason.

CANCEL LIST

/ALL /APPEND /FILE /FORMAT /HEADING /PRECISION
Toggles the effects of the SET LIST command. See command SET LIST (p. 377).
yes? CANCEL LI ST[/qualifiers]

Command qualifiersfor: CANCEL LIST

CANCEL LIST/ALL

Restores all aspects of the LIST command to their default behavior.
CANCEL LIST/APPEND

Resets the listed output to NOT append to existing file.

CANCEL LIST/FILE

Resets the listed output to automatic file naming.

CANCEL LIST/FORMAT

Resets the listed output to its default formatting.

CANCEL LIST/HEAD

Instructs listed output to omit the descriptive data header.

CANCEL LIST/PRECISION

Resets the precision of listed datato 4 significant digits.



Ref Sec2.3. CANCEL MEMORY
/IALL /PERMANENT /TEMPORARY
Clears data currently cached in memory.

yes? CANCEL MEMORY[/qualifier]

Use this command to save memory space—by clearing data as soon asit is no longer needed
virtual memory requirements can be reduced. Thisis especially useful for efficient batch
processing. Default is CANCEL MEMORY/TEMPORARY.

Example:

To produce an animation using minimal virtual memory try:

yes? REPEAT/ T=l o: hi:delta GO m n_nmem novi e

Where the file min_mem_movie.jnl contains
CONTOUR/ FRAME  t enp[ Z=0] I contour plot
CANCEL MEMORY/ ALL I clear nenory for next tine step
Command qualifiersfor CANCEL MEMORY:

CANCEL MEMORY/ALL

Clears al variables stored in memory.

CANCEL MEMORY/PERMANENT

Clearsal "permanent” variables stored in memory (i.e., variables |loaded into memory with
LOAD/PERMANENT).



CANCEL MEMORY/TEMPORARY (default)
Clears al non-permanent variables stored in memory.
CANCEL MODE

Sets the state of a mode to "canceled".

yes? CANCEL MCODE node_nane

(See command SET MODE, p. 380, for descriptions of modes.)

Ref Sec2.4. CANCEL MOVIE

This command is unnecessary in Ferret version 3.1 and later; it is provided for compatibility
with older versions of Ferret. It restores the default movie file name (ferret.mgm) but is not
needed to conclude capturing graphicsto amoviefile.

yes? CANCEL MOVI E

The qualifier /ALL can be used with this command, but it exists for compatibility purposes
only and has no effect.

Ref Sec2.5. CANCEL SYMBOL

/ALL

Deletes a user-defined symbol (string variable) definition.
yes? CANCEL STRING /qualifier] [ symbol nane]
Command qualifiersfor CANCEL SYMBOL.:

CANCEL SYMBOL/ALL



Deletes all user-defined symbol definitions.

Examples:

yes? CANCEL SYMBOL ny_x_| abel lelimnate nmy_x | abel fromthe definitions
yes? CANCEL SYMBOL *x | abel 'remove all strings ending in x_| abel

yes? CANCEL SYMBOL/ ALL I'remove all user-defined synbols.

Ref Sec2.6. CANCEL REGION

MIK/L IXIYIZIT IALL

Cancels part or al of the current or named region.

yes? CANCEL REG ON[/ qualifier] [region_nane]

Examples:

yes? CANCEL REG ON I'clear the current region

yes? CANCEL REG ON' T lelimnate T fromthe current context
yes? CANCEL REGQ ON regl I'clear the region naned "regl"

Command qualifiersfor CANCEL REGION:
CANCEL REGION/I [JIK L IXIY IZ T

Eliminates|, J, K, L, X, Y, Z, or T axis information from current context or named region.

CANCEL REGION/ALL
Eliminates ALL stored region information (rarely used).

CANCEL VARIABLE



IALL /DATASET

Deletes a user-defined variable definition.

yes? CANCEL VARI ABLE[/qualifier] [var_nane]
Command qualifiersfor CANCEL VARIABLE:
CANCEL VARIABLE/ALL

Deletes all user-defined variable definitions.

Examples:

yes? CANCEL VARI ABLE my_sst lelimnate ny_sst fromthe definitions
yes? CANCEL VARI ABLE *w nd ldelete all variables ending in w nd

yes? CANCEL VARI ABLE tau? I'del ete variabl es naned tau plus one
character

yes? CANCEL VARI ABLE/ ALL ldelete all user-defined defined variables
CANCEL VARIABLE/DATASET

Deletes user define variables associated with the named dataset, which were defined by a
DEFINE VARIABLE/DATASET command.

Ref Sec2.7. CANCEL VIEWPORT

Cancels adefined viewport or cancels use of viewports.
yes? CANCEL VI EWPORT vi ew_nane l'un-defi ne view nane

yes? CANCEL VI EWPORT 'return to full w ndow out put

Ref Sec2.8. CANCEL WINDOW

/ALL



Removes graphics window(s) from the screen.
yes? CANCEL W NDOW n lor

yes? CANCEL W NDOW ALL
Command qualifiersfor CANCEL WINDOW:
CANCEL WINDOW/ALL

Removes all graphics windows.

Ref Sec3. CONTOUR

MIK/L IXIYIZIT ID [FILL /[FRAME /KEY /LEVELS/LINE /NOAXIS/NOKEY
/INOLABEL /OVERLAY /PALETTE /PATTERN /SIZE /SPACING /SIGDIG /PEN /SET_UP
ITITLE/COLOR /TRANSPOSE /HLIMITS /VLIMITS/HLOG /VLOG /AXES
/HGRATICULE /VGRATICULE /GRATICULE

Produces a contour plot.
yes? CONTOUR[/ qualifiers] [ expressi on]
In acurvilinear coordinate system (map projections)

yes? CONTOUR[/ qualifiers] expressi on, xcoords, ycoords (see p. 201)

Example:
yes? CONTOUR varl ' produce a contour plot of variable varl
yes? CONTOUR varl, xcoords, ycoords

I produce a contour plot of variable varl

I 'using curvilinear coordinates



Parameters

Expressions may be any valid expression. See the chapter "V ariables and Expressions’,
section "Expressions’ (p. 65), for adefinition of valid expressions. The expression will be
inferred from the current context if omitted from the command line.

Command qualifiersfor CONTOUR:

CONTOUR/NAIKIL IXIYIZIT IOVERLAY /SET_UP/FRAME /D ITRANPOSE /FILL
/LINE /INOLABEL /LEVELS/KEY /INOKEY /PALETTE /HLIMITS/VLIMITS/TITLE
/ICOLOR /INOAXES/PATTERN /SIZE /SPACING /SIGDIG /PEN /AXES

CONTOUR/N/IFIK=/L=IX=IY=IZ=IT=

Specifies value or range of axis subscripts (I, J, K, or L), or axis coordinates (X, Y, Z, or T) to
be used when evaluating the expression being plotted.

CONTOUR/D=

Specifies the default data set to use when eval uating the expression being contoured.
CONTOUR/FILL (aliasFILL)

Creates a color filled contour image.

CONTOUR/FRAME

Causes the graphic image produced by the command to be captured as an animation framein
the file specified by SET MOVIE. In general the FRAME command (p. 331) is more flexible
and we recommend its use rather than this qualifier.

CONTOUR/FILL/KEY

Displays a color key for the palette used in a color-filled contour plot. Only valid in
conjunction with /FILL (The key is displayed by default with CONTOUR/FILL or alias FILL).
To control the color key position and labeling, see the command SHAKEY in the appendix,
"Ferret Enhancementsto PPLUS" (p. 529).

CONTOUR/FILL/KEY=CONTINUOUS

Chooses a continous color key for the palette used in a color-filled contour plot, without lines



separating the colors. This option is particularly good for fill plots having many levels. Only
valid in conjunction with /FILL

CONTOUR/LEVELS

Specifies the contour levels or how the levels will be determined. If the/LEVELS qualifier is
omitted Ferret automatically selects reasonable contour levels.

See the chapter " Customizing Plots", section "Contouring” (p. 193) for examples and more

documentation on /LEVELS and color_thickness indices. See also the demonstration
"custom_contour_demo.jnl".

CONTOUR/LINE

Overlays contour lines on a color-filled plot. Valid only with /FILL (or asaqualifier to alias
FILL). When /LINE is specified the color key, by default, is omitted. Use FILL/LINE/KEY to
obtain both contour lines and a color key. The/SET_UP qualifier disables the action of /LINE.
When using /SET_UP, follow the PPL CONTOUR (or PPL FILL) command with a
CONTOUR/OVERLAY command to draw contour lines on the plot. In fact,
CONTOUR/OVERLAY offersall the functionality of FILL/LINE and gives better control
over the plot appearance.

CONTOUR/NOKEY

Turns off display of a color key for the palette used in a color-filled contour plot. Only valid in
conjunction with /FILL (or with alias FILL).

CONTOUR/NOAXIS

Suppresses all axis lines, tics and labeling so that no box appears surrounding the contour plot.
Thisis especially useful for map projection plots.

CONTOUR/NOLABELS

Suppresses al plot labels.

CONTOUR/OVERLAY

Causes the indicated expression to be overlaid on the existing plot.

Note (CONTOUR/OVERLAY with time axes):



A restriction in PPLUS requires that if timeis an axis of the contour plot, the overlaid variable
must share the same time axis encoding as the base plot variable. If this condition is not met,
you may find that the overlaid contour failsto be drawn. The solution is to use the Ferret
regridding capability to regrid the base plot variable and the overlaid plot variable onto the
same time axis. See the section on overlaying with atime axis (p. 171).

CONTOUR/PALETTE=

Specifies acolor palette (otherwise, the current default palette is used). Valid only with
CONTOUR/FILL (or asaqudlifier to the alias FILL). The file suffix *.spk is not necessary
when specifying a palette. Try the Unix command % Fpal ette ' *' to seeavailable
palettes. See command PALETTE (p. 344) for more information.

Example:

yes? CONTOUR/ FI LL/ PALETTE=l and_sea world_reli ef

The/PALETTE qualifier changes the current palette for the duration of the plotting command
and then restores the previous palette. This behavior is not immediately compatible with the
[SET_UP qualifier. Seethe PALETTE (p. 344) command for further discussion.

CONTOUR/PATTERN=

Specifies a pattern file (otherwise, the current default pattern specification is used). Valid only
with CONTOUR/FILL (or asaqualifier to theaiasFILL). Thefile suffix *.pat is not
necessary when specifying a pattern. Try the Unix command % Fpattern *' to see available
patterns. See command PATTERN (p. 345) for more information.

CONTOUR/COLOR=

Sets line color (replaces the /PEN qualifier). The available color names are Black, Red, Green,
Blue, LightBlue, and , Purple, and White (not case sensitive), corresponding to the /PEN
values 1-6, respectively. (/COLOR also accepts numerical values.).

Example:

yes? CONTOUR/ COLOR=red sst



CONTOUR/PEN=

Sets line style for contour lines (same arguments as PLOT/LINE=). Argument can be an
integer between 1 and 18; run GO | i ne_sanpl es to seethe stylesfor color devices.

Example:

yes? CONTOUR/ PEN=2 sst

CONTOUR/SIZE=

Controls the size of charactersin the contour labels, using PLOT+ definition of "inches’
Default is 0.8 See example under CONTOUR/SPACING below.

CONTOUR/SIGDIG=

Sets the number of significant digits for contour labels. Default is2. See example under
CONTOUR/SPACING below.

CONTOUR/SPACING=

Sets spacing for contour lines, using PLOT+ definition of "inches'. The default spacing is 5.0.
(Seethe CONSET command in the on-line PLOT+ Users Guide)

Example o f CONTOUR/SIZE/SIGDIG/SPACING

yes? LET ny_field = SIN(X[x=1:6:.1])*COS(Y[y=1: 6:0.1])
yes? CONTOUR/ SI GDI G=1/ SI ZE=0. 15/ SPACI NG=3 ny_fiel d

Specifies contour labels with asingle significant digit using characters of height 0.15 "inches"
at anominal spacing of 3 "inches', consistent with the PLOT+ usage of "inches'. (These are
the same unitsasin, say, "ppl axlen 8,6", to specify plot axes of lengths 8 and 6 inches for



horizontal and vertical axes, respectively.) Note that the PLOT+ CONPRE and CONPST
commands are also useful (see p. 495), giving control over the text font and color used in the

labels and adding units to the labels. For example, the commands

yes? PPL CONPRE @C002@CR
yes? PPL CONPST cm sec

will transform the labels in the above CONTOUR example to red (002), Complex Roman font
with aunits label of "cm/sec”.

CONTOUR/SET_UP

Performs all the internal preparations required by program Ferret for contouring but does not
actually render output. The command PPL can then be used to make changes to the plot prior
to producing output with the PPL CONTOUR command. This permits plot customizations that
are not possible with Ferret command qualifiers. See the chapter "Customizing Plots", section
"Contouring" (p. 193). Please note that /SET_UP disables the /LINE qualifier. When using

/SET_UP certain plotting states may have to be reset manually.

CONTOUR/TITLE=

Allows user to specify aplot title (enclosed in quotation marks). Without this qualifier Ferret
selects atitle based on information about the expression.

CONTOUR/TRANSPOSE

Causes the horizontal and vertical axes to be interchanged. By default the X and T axes of the
data are drawn horizontally on the plot and the Y and Z axes of the data are drawn vertically.
For Y-Z plotsthe Z data axisis vertical by default.

Note that plotsinthe YT and ZT planes have /TRANSFORM applied by default in order to
achieve ahorizontal T axis. See /[HLIMITS (below) for further details. Use  TRANSPOSE
manually to reverse this effect.

CONTOUR/HLIMITS=

Specifies axis range and tic interval for the horizontal axis. Without this qualifier, Ferret
selects reasonabl e val ues.



yes? CONTOUR/ HLI M TS=l o_val : hi _val [:increment] [expression]

The optional "increment" parameter determines tic mark spacing on the axis. If the increment
IS negative, the axis will be reversed.

The/HLIMITS and /VLIMITS qualifiers will retain their "horizontal" and "vertical"
interpretations in the presence of the /TRANSPOSE qualifier. Thus, the addition of
ITRANSPOSE to a plotting command mandates the interchange of "H" and "V" on the limits
qualifiers.

CONTOURNLIMITS=

Specifies the axis range and tic interval for the vertical axis. See/HLIMITS (above)

CONTOUR/XLIMITS=/YLIMITS=

Note: XLIMITS and YLIMITS have been deprecated. Please use HLIMITS and VLIMITS
instead.

CONTOUR/AXES[=top,bottom,left,right]

Turns plotting of individual axes off and on. This replaces the use of the "PPL AXSET"
command. Thesyntax is

yes? CONTOUR/ AXES[ =t op, bottom |l eft,right] var

where the arguments are 1 to turn the axison and O to turn it off. For example:

yes? CONTOUR/ AXES=0, 1, 1,0 sst I Draws the bottomand | eft axes only

Note that contour plots with log axes can be drawn as explained in the FAQ, How can | make a

2D log (or log-loq) plot?

CONTOUR/GRATICULE[=line specifiers]


http://ferret.pmel.noaa.gov/Ferret/FAQ/custom_plots/2D_log_plot.html
http://ferret.pmel.noaa.gov/Ferret/FAQ/custom_plots/2D_log_plot.html

(Introduced in Ferret version 5.6) Turns on graticule lines for the horizontal and vertical axes.
These are lines across the plot at the tic marks. /GRATICULE sets both horizontal and
vertical lines; to set each separately see/HGRATICULE and /VGRATICULE, below. The
syntax is

yes? CONTOUR/ GRATI CULE[ =l i ne or dash, COLOR=, THI CKNESS=] var

where the default isathin, solid black line. The line colors available are Black, Red, Green,
Blue, LightBlue, Purple, and White. The thickness codes are 1, 2, or 3 and asfor plot lines,
thickness=1 is athin line, thickness=3 is the thickest, and THICK specified with no value
defaults to thickness=2. For clarity the argumentsto GRAT may be placed in parentheses

yes? CONTOUR/ GRAT sst I default graticules

yes? CONTOUR/ GRAT=( LI NE, COLOR=r ed, THI | CK=3) sst

yes? CONTOUR/ GRAT=( DASH, COLCR=I i ght bl ue) sst

yes? CONTOUR/ FI LL/ GRAT=( DASH, COLOR=whi t e) sst

The above commands make settings for the large tic marks. If small tic marks are being
plotted on the axes, we can make settings for them as well using keywords SMALL and
LARGE. Place all of the arguments for the/GRAT qualifier in double quotes. Note that the
PPL AXNMTC command sets the plotting of small tics, and that small tics are used by default
for many time axes.

yes? ppl axnmc 2,2
yes? CONTOUR/ GRAT="LARGE( COLOR=bl ue, t hi ck), SMALL( COLOR=l i ght bl ue) " sst

CONTOUR/HGRATICULE[=line specifiers|/VGRATICULE[=line specifiers]

Turns on graticule lines and sets the line characteristics of the graticule for the horizontal or
vertical axis separately. Y ou may specify only one of /HGRAT or /VGRAT if desired. These
are lines across the plot at the tic marks. The syntax is



yes? CONTOUR/ HGRATI CULE[ =l i ne or dash, COLOR=, THI CKNESS=]
[/ VGRATI CULE=Il i ne or dash, COLOR=, THI CKNESS=] var

where the default isathin, solid black line. The line colors available are Black, Red, Green,
Blue, LightBlue, Purple, and White. The thickness codes are 1, 2, or 3 and asfor plot lines,
thickness=1 is athin line, thickness=3 is the thickest, and THICK specified with no value
defaultsto thickness=2. For clarity the argumentsto HGRAT may be placed in parentheses

yes? CONTOUR/ HGRAT/ VGRAT sst I'this is equivalent to PLOT/ GRAT

yes? CONTOUR/ HGRAT=( LI NE, COLOR=r ed, THI | CK=3) / VGRAT=( col or =gr een) sst

yes? CONTOUR/ HGRAT=( DASH, COLOR=l i ght bl ue) sst ! horizontal only

The above commands make settings for the large tic marks. If small tic marks are being
plotted on the axes, we can make settings for them as well using keywords SMALL and
LARGE. Placeall of the arguments for the/HGRAT qualifier in double quotes. Note that the
PPL AXNMTC command sets the plotting of small tics, and that small tics are used by default
for many time axes.

yes? ppl axnmc 2,2
yes? CONTOUR/ HGRAT="LARGE( COLOR=bl ue, t hi ck), SMALL( COLOR=I i ght bl ue) "
[ VGRAT="LARGE( COLOR=bl ue, t hi ck) sst

Ref Sec4. DEFINE

gratDefines anew alias, region, grid, axis, variable, or viewport.

Ref Sec4.1. DEFINE ALIAS

Defines an alias for acommand. "ALIAS" isan aliasfor DEFINE ALIAS.



yes? DEFI NE ALI AS NAME COMVAND

Example:

yes? DEFI NE ALI AS SDF SHOW DATA/ FULL

Ref Secd4.2. DEFINE AXIS

IXIYIZIT IDEPTH /FILE /FROM_DATA /MODULO /NAME /NPOINTS/TO/UNITS
/EDGES/CALENDAR /BOUNDS

Defines an axis (axis name up to 16 characters).

yes? DEFINE AXI S[/qualifiers] axis_nane
or
yes? DEFINE AXI §[/qualifiers] axis_nanme = expr

Example:
yes? DEFI NE AXI S/ X=140E: 140W .2  AX140

or
yes? DEFINE AXIS/ X nyaxis = {1, 5, 15, 35}

Note on DEFINE AXIS:

Axeswhich are "in use", because they are used by currently open data sets may now be
redefined using DEFINE AXIS.

In early versions of Ferret, attempting to redefine an in-use axis generated an error. This
feature is especially useful to correct the interpretation of erroneousfiles, or files which
exhibit minor incompatibilities with Ferret. Use this feature with caution asit can be used to
"fool" Ferret into an incorrect interpretation of a datafile.

Command qualifiersfor DEFINE AXIS:

DEFINE AXIS/IX=/Y=/Z=IT=



Specifies the limits and point spacing of an axis.

yes? DEFINE AXI S/ X=l o: hi:delta axi s_nane

The limits may bein longitude, latitude, or date format (for X, Y, or T axis, respectively) or
may be simple numbers. No units are assumed unless units are given explicitly with the
/UNITS qualifier.

Use /UNITS=degreesto obtain latitude or longitude axes. The X or Y qualifier determines
which orientation "degrees’ refersto. If an X axis has units of degreeslongitudeitis
automatically marked as a modulo axis.

For T axis, the limits may be dates (dd-mmm-yyyy:hh:mm:ss) or may be time steps. The delta
increment is regarded as hours unless the /UNITS qualifier specifies otherwise. Note that time
axes may not extend beyond year 9999.

If the time limits are given as dates then this axis produces date-formatted output (unless
CANCEL MODE CALENDAR isissued). If the time limits are given as time steps then all
instances of this axis are labeled with time step values in the units specified with the /UNITS
qualifier.

Examples (evenly-spaced axes):

yes? DEFI NE AXI S/ X=140E: 140W . 2 ax140

yes? DEFI NE AXI S/ Y=15S: 25N: . 5 axynew

yes? DEFI NE AXI S/ Z=0: 5000: 20/ UNI TS=CM DEPTH axzcm

yes? DEFINE AXI S/ T="7- NOV-1953": " 23- AUG 1988: 11: 00": 24 axtlife

yes? DEFI NE AXI S/ T=25: 125: 5/ UNI TS=m nut es axt 5m n

DEFINE AXIS/CALENDAR=

Allows for non-Gregorian calendar axes. The calendars allowed are



calendar name number of days/year notes

GREGORIAN or STANDARD 365.2425 default calendar
JULIAN 365.25 with leap years
NOLEAP 365 no leap years

ALL LEAP 366 366 days every year
360 DAY 360 each month is 30 days

The caendar definitions conform to the NetCDF conventions document for calendars. See
http://www.cqgd.ucar.edu/cms/eaton/cf-metadata/ CF-current.html#ca These calendar

definitions are compatible with the Udunits standard (see
http://www.unidata.ucar.edu/packages/udunits/udunits.dat) which has slightly different naming

conventions.

The NetCDF conventions recommend that the calendar be specified by the attribute
time:calendar when there is a non-Gregorian calendar associated with adata set, i.e.

time:calendar=noleap

Ferret reads this attribute from a NetCDF file and assigns the designated calendar to the time
axis.

Example:

Define a calendar axis and regrid an existing variable to this axis:

yes? DEFI NE AXI S/ CALENDAR=JULI AN/ T="15- JAN- 1982" : " 15- DEC-
1985": 30/ UNI TS=days tmodel yes? LET twind = uwnd[ GT=t nodel @RST]

When regridding from one calendar axis to another the length of ayear is assumed to be
constant, therefore the regridding cal cul ates a scale factor based on the length of a second in
each calendar, computed from the number of seconds per year for the calendars.

DEFINE AXIS/DEPTH


http://www.cgd.ucar.edu/cms/eaton/cf-metadata/CF-current.html#cal
http://www.unidata.ucar.edu/packages/udunits/udunits.dat

Specifiesthe Z axisto be a depth, positive downward, axis. A depth axisisindicated by a"(-)"
following itstitlein a SHOW GRID or SHOW AXIS command. Depth axes are notated by
"UD" (up-down) in the grid definition file, while normal vertical axes (such as an elevation
axisin meteorology) are notated by "DU" (down-up).

Example:

yes? DEFI NE AXI S/ Z=0: 5000: 20/ DEPTH UNI TS=CM AXZDCM

DEFINE AXISIEDGES

The /EDGES qualifier indicates that the coordinates provided refer to the edges or boundaries
between grid cells. When /[EDGES is used, the coordinates of the grid points will be computed
at the midpoints between the indicated edges. When /EDGES is used in conjunction with
/FROM_DATA the number of grid points created will be equal to the number of coordinates
minus one, since the list of edges includes both the upper and lower edge of the axis. An
example of defining an axis by itsedgesis

yes? DEFI NE AXI S/ Z=0: 5010: 20/ EDGES/ DEPTH UNI TS=CM AXZDCM

A class of especially important uses for the /[EDGES qualifier isto create custom calendar
axes. This example creates a true monthly axis, with axis cells beginning on the first of each
month:

yes? let nonth = MOD(I -1, 12)+1

yes? let add _year = INT((l-1)/12)

yes? let tstep = DAYS1900(1980+add_year, nont h, 1)

yes? define axi s/ T/ units=days/t0=1-jan-1900/ edges/ NAVE=t r uenont h
tstep[l=1:" 20*12+1"]

The following example shows the computation of a custom climatological average. Given, for
example, a multi-year time series of adaily measured variable, the climatological average of
the variable for two unequal time periods could be computed by creating an axis with two
points, using the FROM_DATA qualifier. The grid cellsfor these two points would extend
from 15-Mar to 27-May (about 73 days), and from 27-May to 15-Mar (about 292 days). The
actual dates on which the 2 points are located would be the midpoints of these two intervals, on
20-Apr and 20-Oct.



yes? DEFINE AXI S/t =1-jan-0001: 1-j an- 0002: 1/ uni t =days/t 0=1-j an- 0000
t encodi ng

yes? LET tstep = t[gt=tencodi ng]

yes? LET start_date = tstep[t=15-mar-0001]

yes? LET end date = tstep[t=27-nmay-0001]

yes? DEFI NE AXI S/ T/ UNI TS=days/ TO=1-] an- 0000/ EDGES/ MODULO

tax={ start_date, p=7", end_date, p=7 , start_dat e+365. 2425, p=7"}

yes? DEFINE GRI D/ T=tax taxgrid
yes? SHOW L=1:2 grid taxgrid

GRID TAXGRI D

nane axi s # pts start end
nor mal X
nor nal Y
nor al Z
TAX TI MVE 2m 20- APR 12: 00 20-OCT 02:54
L T BOX_SI ZE TI ME_STEP ( DAYS)
1> 20-APR 12:00: 00 73 475.5
2> 20-OCT 02:54:35 292. 2425 658. 1212

DEFINE AXIS/'BOUNDS

Define an axis from lists of coordinates and bounds. (See the discussion of NetCDF bounds,
page ). The upper bound of each cell must be the same as the lower bound of the next cell. The
coordinates must be inside (or may coincide with) the cell bounds. (Spaces are used here to
clarify the pairs of bounds, but are not necessary and do not affect the way the dataisread.)
Examples:

yes? DEF AXIS/X/BOUNDS xax = {1,2,5,6},{0.5,1.5, 1.5,2.5, 2.55.5, 5.5,6.5}

yes? DEF AX|S/Z/DEPTH/BOUNDS zax = \
{0,20,50,75,120} , { 0,10, 10,30, 30,60, 60,90, 90,150}

DEFINE AXIS/FILE=

Reads a gridfile for grid and axis definitions. The gridfile specified should be in the standard
TMAP gridfile format. There are several documentsin $FER_DIR/doc regarding gridfiles and
TMAP format (e.g., "about_grid_files.txt").



yes? DEFINE AXI S/ FI LE=grid_file.grd
DEFINE AXISIFROM _DATA

Used only in conjunction with /NAME to define an axis from any expression that Ferret can
evaluate.

yes? DEFI NE AXI S/ FROM DATA/ NAME=axi S_nane expr
(Thisis amechanism to convert dependent variables into independent axis data.)

When defining an axis from a LET-defined variable or expression the condensed syntax (e.g.)

yes? DEFI NE AXI S/ X axname=expr essi on

replaces the older (still supported) syntax

yes? DEFI NE AXI S/ X/ NAME=axname/ FROM _DATA expr essi on

Note that the values from which the axisis to be created must be in strictly increasing order. If
the coordinates are repeated, Ferret will "micro-adjust” the values by adding multiples of 1
millionth of the axis range to the repeated values. Ferret will issue an informative message if it
IS micro-adjusting an axis.

Example (unevenly-spaced axis):
yes? DEFI NE AXI S/ X ny_xaxi s=pos[ D=2] 0.5

defines each coordinate of the axis"my_xaxis" asthe square root of variable "pos" from data
Set 2.

DEFINE AXIS/MODUL O[=len]

Specifies that the axis being defined be treated as modulo; that is, the first point will wrap
around and follow the last point (e.g., alongitude axis).The optional modulo length is the
length in axis units of the modulo repeat. If alength is specified, it may be longer than the axis
span, so that the axisistreated as a subspan modulo axis, and if no length is specified then the



default modulo length for the type of axisis used. See the sections on modulo axes and
subspan modulo axes for more information (p. 151 ff).

DEFINE AXIS/NAME=

Used only in conjunction with /FROM_DATA to specify the name of the axis to be defined.

yes? DEFI NE AXI S/ FROM DATA/ NAME=axi s_nane expr

DEFINE AXIS/INPOINT S=

Specifies the number of coordinate points on the axis being defined.

yes? DEFI NE AXI S/ Z=I o: hi / NPO NTS=n ax_nane
Thisqualifier can be used instead of specifying Z=I o: hi : del t a.
DEFINE AXIS/ITO=

Specifies the date and time associated with the time step value 0.0

Example:

DEFI NE AXI S/ T="1- NOV- 1980": " 15- AUG 1988": 72/ TO="1- JAN- 1800" TNEW

Note: The/TO qualifier is optional; the underlying time step values are transparent to Ferret
users for most purposes. The default value is 15-JAN-1901.

DEFINE AXIS/UNITS=

Specifies the units of the axis being defined.

A DEFINE AXIS command such as DEFINE AXIS/X=130E:80W:2 xax infers from the



formatting of the longitude coordinates the implied qualifier "/UNITS=degrees'. Similar for
latitudes.

Example:

yes? DEFI NE AXI S/ Z=0: 2000: 100/ UNI TS=CM  ZCM

Any string (up to 10 characters) is acceptable as a units string, but only the following units are
recognized and used when computing axis transformations:

cm (or centimeter) mm (or millimeter) day

km (or kilometer) mb (or millibar) mon

m (or meter, or metre) level yr (or year) (365 days)

deg (or lat or lon) layer gregorian_year (365.2425 days)
ft (or feet or foot) sec year360 (360 days)

in min year366 (366 days)

mile hour M2 cycles

dbar mbar

NOTES:

1) Asof Ferret version 5.1 the definition of the unit "month" has been redefined to be exactly
1/12 of aclimatological year. This change applies both to files that use "unitssmonths" and to
the DEFINE VARIABLE command. The climatological month is the length of an average
month in the Gregorian calendar, including leap years -- 1/12 or 365.2485 days. Thusthe
command

yes? DEFI NE AXI S/ TO=1- JAN- 0000/ T=0: 12: 1/ EDGES/ uni t s=nont hs/ MODULO
nont h_reg



defines a climatological monthly axis which does not "drift" over time dueto leap years. This
non-drift behavior can be observed using a commands like

yes? SHOW AXI S /| =1:12001: 1200 nonth_reg
which will show every 100th January over 1000 years.

2) The units dbar and mbar are recognized by Ferret, however, no automatic conversion is
attempted between these and any other units.

TIP:

Ferret will convert recognized units of length to meters and recognized units of time to seconds
during transformations such as integration (@IIN and @DIN) and differentiation (@DDB,
@DDC, @DDF) (see"Genera Information about transformations,” p. 97). Using this
characteristic it is always possible to query Ferret about the conversion factors from meters or
seconds by integrating a grid cell of width one on an axis of the unitsin question. For

example:

yes? ! query conversion factor to neters

yes? define axis/x=0:1:1/edges/units=feet xtest ! 1 point, cell w dth=1
unit
yes? let vx = 0*X[ gx=xtest]+1 'vx =1

yes? list/prec=7 vx[x=@li n]
0* X[ GX=XTEST] +1
X (FEET): 0 to 1 (integrated)

0. 3048000
yes? ! query conversion factor to seconds
yes? define axis/t=0:1:1/edges/units=nonth ttest ! 1 point, cell wdth=1
uni t
*** NOTE: /UNI T=MONTHS i s ambi guous ... using 1/12 of 365 days.
yes? let vt = O*T[gt=ttest]+1 vt =1

yes? list/prec=7 vt[t=@li n]
O* T[ GT=TTEST] +1
T (MONTH): 0 to 1 (integrated)
2628000.

Ref Sec4.3. DEFINE GRID



IXIYIZIT IFILE /LIKE

Defines a grid (name may be up to 16 characters).

yes? DEFINE GRI D[ /qualifiers] grid_nane

Example:

yes? DEFINE GRI D/ LI KEst enp/ T=ny_t _axi s my _grid
Command qualifiersfor DEFINE GRID:
DEFINE GRID/X=/Y=/Z=/T=

Specifies what particular axisisto bethe X, Y, Z, or T axisfor this grid.

yes? DEFI NE GRI D X=axnanme grid_nane

The name axname may be the name of an axis, the name of a grid that uses the axis desired, or
the name of avariable for which the defining grid uses the axis desired.

For example,

yes? DEFINE GRID/ X=U  gx

will create a grid named gx which is one-dimensiona—normal to Y, Z, and T.

Note: Many axes possess an orientation implicit in their units, especially latitude, longitude,
and time axes. The effects of using an axisin an inappropriate orientation, such as
/X=time_axis, are unpredictable.

DEFINE GRID/FILE=

Reads a gridfile for GRID and AXIS definitions. The gridfile specified should be in the
standard TMAP gridfile format. There are several documentsin $FER_DIR/doc regarding
gridfilesand TMAP format (e.g., about_grid_files.txt).

Example:



yes? DEFINE GRI DY FI LE=new grids. grd

DEFINE GRID/LIKE=

Specifies a particular grid (by name or by reference to a variable defined on that grid) to use as
atemplate to create anew grid.

yes? DEFINE GRI D/ LI KE=gri d_or _vari abl e_nane grid_nane

All axes of the grid being created will be identical to the axes of the "LIKE=" grid except those
explicitly changed with the /X, /Y, /Z, or /T qualifiers. The argument may be an expression.

Example:

yes? DEFI NE GRI D/ LI KE=t enp[ D=2] / Z=ZAX gnew 'tenp fromdata set 2
Examples: DEFINE GRID

1) yes? DEFINE AXI S/ T="1- JAN- 1980": "31- DEC- 1983": 24 axday
yes? DEFI NE GRI DY LI KE=t enp/ T=axday gday

Define grid gday to be like the defining grid for temp but with a 4-year, daily-interval time
axis.

2) yes? DEFINE GRI D LI KE=t enp[ D=ba022]/ T=sst [ D=nnt] gnnt3d
Define grid gnmc3d like temp from data set ba022 but with the same time axis as sst from data
set nmc.

3) yes? DEFI NE AXI S/ X=140E: 140W . 2 xnew

yes? DEFI NE AXI S/ Y=5S:5N..2 ynew

yes? DEFI NE AXI S/ T="15- FEB- 1982": " 15- FEB- 1984": 48 t new
yes? DEFI NE GRI D X=xnew Y=ynew T=t new gnew

Define grid gnew from new axes. The grid, gnew, will be normal (perpendicular) to Z.

Ref Sec4.4. DEFINE REGION



MJIKI/L IXIYIZIT IDI/DIDK/DL /DX/DY/DZ/DT /IDEFAULT

Defines or redefines a named region_name (first 4 characters are recognized).

yes? DEFINE REG ON[/ qualifiers] region_name

If the qualifier / DEFAULT is not given only those axes explicitly named will be stored. If the
gualifier / DEFAULT isgiven all axeswill be stored.

Command qualifiersfor DEFINE REGION:
DEFINE REGION/I=1J=/K=/L=/X=/Y=/Z=IT=

Specifiesregion limits ( =lo:hi or =val).

DEFINE REGION/DI=/DJ=/DK=/DL=/DX=/DY=/DZ=/DT=

Specifies achange in region relative to the current settings (=lo:hi or =val). See examples
below.

DEFINE REGION/DEFAULT

Saves all axes and transformations, not just those explicitly given. Commonly, a GO script
begins with "DEFINE REGION/DEFAULT save" and ends with "SET REGION save'.

Examples: DEFINE REGION

1) yes? DEFI NE REG ON DEFAULT save
Stores the current default region under the name "save". The region may be restored at alater
time by thecommand yes? SET REAQ ON save.

2) yes? DEFINE REG ONV X  xonly
Stores the current default X axis limits, only, as region xonly.

3) yes? DEFI NE REA ON DX=-5 xonly
Stores the current default X axis limits minus 5 as region xonly.



4) yes? DEFI NE REG OV Y=20S: 20N Z yanz
Stores the given limits from the Y axis and the default Z axis limits.

5 yes? DEFI NE REG ON DEFAULT/ L=5 15
Stores the current default region with the modification that L, the time step, is stored as 5.

6) yes? DEFINE REG OV DL=-1:+1 |[p2
Stores an L region beginning 1 time step earlier and ending 1 time step later than the current
default region as region Ip2.

Ref Sec4.5. DEFINE SYMBOL

Allows the user to define a string variable. Symbol names must begin with a letter and contain
only letters, digits, underscores, and dollar signs.

yes? DEFI NE synbol synbol nanme=string

Example:

yes? DEFI NE synbol ny_x | abel = sanple nunber

Ref Sec4.6. DEFINE VARIABLE
/D IQUIET /TITLE /UNITS/BAD=

Allows the user to define avariable from avalid algebraic expression. Note: LET isan dlias
for DEFINE VARIABLE.

yes? DEFI NE VARI ABLE[/qualifiers] nane=expression

Example:

yes? LET SPEED = U*2 + V2

Parameters



The expression may be any valid expression. See the chapter "V ariables and Expressions’,
section "Expressions’ (p. 65) for adefinition of valid expressions.

Variable names

The name specified with DEFINE VARIABLE can be 1 to 128 charactersin length—Ietters,
digits, $ and _, beginning with aletter. Pseudo-variable names (I, J, K, L, X, Y, Z, T, XBOX,
YBOX, ZBOX, TBOX) and operators (AND, OR, GT, GE, LT, LE, EQ, NE) are reserved and
cannot be used. It is not recommended to use function names such as SIN, EXP, LN or Ferret
operators and keywords likePLOT or AXIS as variable names. See the chapter "Variables and
Expressions’ (p. 59) for recognized operators and functions, or use the commands SHOW

COMMAND and SHOW FUNCTION for alist of all commands and functions.

If the name defined is the same as avariable name in a data set, the user-defined variable is
used instead of the file variable. (Look for LET/D=d_set to control this behavior in future
Ferret versions.)

Examples:

1) yes? DEFI NE VARI ABLE sum = a+b
or equivalently
yes? LET sum = a+b

2) yes? DEFINE VARI ABLE/ TI TLE="vel ocity"/UNI T="m sec"
pos[ T=@DC] *0. 01

Defines velocity in m/sec from position, pos, in cm.
Command qualifiersfor DEFINE VARIABLE:
DEFINE VARIABLE/BAD=value

Allows user to control the missing value of user-defined variables The specified value will be
used whenever the variableis LISTed (or SAVEd) to afile. Note that the missing value will
revert to its default (-1E34) when this variable is combined in further calculations.

Example:

yes? |l et/ bad=3 gap_3 = I[]=1:5]
yes? list gap_3
I [1=1: 5]
1 / 1. 1.000
2 |/ 2: 2.000



3 /3 Ce
4 | 4: 4.000
5 [/ 5 5.000

yes? let newvar = gap_3 + 5
yes? |ist new_ var

GAP_3 + 5
1 /1 6. 00
2 | 2 7.00
3 /3 Ce
4 | 4 9.00
5 [/ 5 10.00
yes? list/fornm(1PGL5. 3) new_ var
GAP_3 + 5
X: 0.5to 5.5
6. 00
7.00
-1. O00E+34
9.00
10.0

DEFINE VARIABLE/D=dataset

Restricts the scope of the variable name to the named data set. See further discussion in the
chapter "Variables and Expressions’, section "Defining New Variables' (p. 125).

The qualifier "DATASET=" (LET/DATASET=...) alowsyou detailed control over the
multiple use of the same name.

If thename or number of a data set is supplied then the /dataset qualifier indicates that this
variable nameisto be defined only in the specified data set. For example

yes? LET/ dat aset =coads_cl i mat ol ogy V_geostrophi c = SLP[ X=@DC] / ( F* RHO)

Defines V_geostrophic only in data set coads climatology. In other data sets the name
V_geostrophic may refer to file variables or it may be given different definitions or it may be
undefined. The data set may be specified either by name asin this example or by number as
shown by SHOW DATA. Note that variables defined using LET/dataset=[name_or_number]
will be shown in the SHOW DATA output for that data set aswell asin SHOW
VARIABLES.

If the /dataset qualifier isapplied without specifying a data set name then the interpretation
is different. In this case the named variable becomes a default definition -- one which applies
only if adata-set specific variable of the same name does not exist. For example, if the
command



yes? LET/ DATASET sst = tenp[ Z=0]

Isissued then sst[D=levitus _climatology] will evaluate to temp[D=levitus _climatology,Z=0]
because the variable sst does not exist in levitus_climatology, but sstfD=coads_climatology]
will refer to the file variable name sst within the coads _climatology data set.

LET/D is especialy useful for editing data sets because it gives aready way to distinguish
between the pre-edit and post-edit versions of the variable. In this example we edit the data set
etopo60, replacing a small rectangle in the Pacific Ocean.

Example:

I Do not use nenory-cached data when editing.
I Always reread the nost recent version fromthe file.

yes? SET MODE STUPI D

I Save an exact copy of the original data for editing.

' W will call our edited file "new_ etopo.cdf”

yes? SET DATA et opo60

yes? LET/ D=et opo60 depth = rose

yes? SET VARI ABLE/ TI TLE="edi ted etopo depth"/UN TS=neters depth
yes? SAVE/ Fl LE=new_et opo. cdf depth

yes? USE new et opo. cdf

I "rose[ d=et opo60] " is the original.

I "dept h[ d=new_etopo]"” is the edited version.

I Redefine "depth[d=etopo60]" as a tool for for selective editing.
yes? LET/ D=et opo60 depth = rose[ D=et 0po60] - r ose[ D=et opo60] + correction

I An exanple edit: replace a small region with the val ue 500
yes? LET correction = 500
yes? SAVE/ APPEND/ FI LE=new_et opo. cdf dept h[ D=et 0po60, X=180: 175w, Y=0: 2n]
yes? PLOT/ X=160e: 160w Y=1n r ose[ D=et opo60], dept h[ D=new_et opo]

DEFINE VARIABLE/QUIET

Suppresses message that, by default, tells you when you are redefining an existing variable.
This qualifier isuseful in command files. (Thisisthe default behavior starting with Ferret
version 5.2)



DEFINE VARIABLE/TITLE=

Specifies atitle (in quotation marks) for the user-defined variable. Thistitle will be used to
label plots and listings. If no title is specified the text of the expression will be used as thetitle.
(Seealso SET VARIABLE/TITLE, p. 393.)

DEFINE VARIABLE/UNITS=

Specifies the units (in quotation marks) of the variable being defined. (See command SET
VARIABLE/UNITS, p. 393.)

Ref Sec4.7. DEFINE VIEWPORT
ICLIP/ORIGIN /SIZE ITEXT /XLIMITS/YLIMITS/AXES

Defines a new viewport (a sub-rectangle of the graphics window).

yes? DEFI NE VI EWPORT[/ qualifi ers] Vi ew_namne

Issuing the command SET VIEWPORT is best thought of as entering "viewport mode." While
in viewport mode all previously drawn viewports remain on the screen until explicitly cleared
with either SET WINDOW/CLEAR or CANCEL VIEWPORT. If multiple plotsaredrawnin a
single viewport without the use of /OVERLAY the current plot will erase and replace the
previous one; the graphics in other viewports will be affected only if the viewports overlap. If
viewports overlap the most recently drawn graphics will always lie on top, possibly obscuring
what is underneath. By default, the state of "viewport mode" is canceled.

Example:

yes? DEFI NE VI EWPORT/ XLI M TS=0, . 5/ YLIM TS=0, . 5 LL

Defines a viewport that will place graphical output into the lower left quarter of the screen, and
names the viewport "LL".

Command qualifiersfor DEFINE VIEWPORT.



DEFINE VIEWPORT/XLIMITS=/YLIMITS=

Specifies the portion of the full window to be used.

yes? DEFI NE VI EWPORT/ XLI M TS=x1, x2/ YLI M TS=y1, y2 Vi ew_namne

The values of the limits must be in the range [0,1]; they refer to the portion of the window (of
height and length 1) which defines the viewport. Together, /XLIMITS and /YLIMITS replace
the CLIP, ORIGIN, and SIZE qudlifiersin older Ferret versions.

DEFINE VIEWPORT/AXES

Specifiesthat user's limits are interpreted as the normalized positions of the plot axes rather
than of the entire viewport .

Y ou can change PPL ORIGIN and PPL AXLEN only after SET VIEW isissued. Usethe new
qualifier PLOT/NOY ADJUST to avoid resetting the Y origin -- relevant during PLOT
commands that require extraroom for alarge key block under the axes or for viewports that lie
close to the bottom of the window where there may not be room below the Y origin. If

INOY ADJUST is specified, and the viewport is near the bottom of the window, the labelling at
the bottom of the plot will be lost.

yes? DEFI NE VI EWPORT/ XLI M TS=x1, x2/ YLI M TS=y1, y2/ AXES  vi ew_nane

Example 1:

This example shows the effect of the /Y ADJUST qualifier on the plot command. Define two
viewports and plot; on the left the Y axisis adjusted automatically, on the right we specify
/INOADJUST and the labelling below the plot is not plotted.

yes? DEFI NE VI EW AXES/ XLI M=0: 0. 5/ YLI M=0: 0.5 || ax
yes? DEFI NE VI EW AXES/ XLI M=0. 5: 1/ YLI M=0: 0.5 | rax
yes? SET VIEWI | ax

yes? PLOT/VS/ LINE/I=1:314 i*cos(i/20),i*sin(il/20)



yes? SET VI EW I rax
yes? PLOI/ VS/ LI NE/ | =1: 314/ NOYADJUST i *cos(3+i/20),i*sin(3+i/20)

[ OTrTi% hRb-LE h L ]

Example 2

DEFINE VIEWPORT/AXES can be used to set guide lines on a plot

yes? CANCEL VI EW
yes? DEFI NE VI EW AXES al | ax

yes? SET VI EW al | ax

yes? PLOT/VS/ LI NE/ HLI M=0: 1/ VLI M=0: 1/ NOLAB {0.5,0.5,,0,1},{0,1,,0.5,0.5}
yes? PLOT/ VS/ LI NE/f OVER/ NOLAB {0. 25, 0. 25,,0, 1},{0,1,, 0. 25, 0. 25}

yes? PLOT/VS/ LI NE/f OVER/ NOLAB {0. 75, 0. 75,,0,1},{0,1,,0.75,0. 75}

yes? LABEL 0.26,0.95,-1,0,.2 @2@\C<-At 0.25
yes? LABEL 0.76,0.95,-1,0,.2 @3@\C<-At 0.75

yes? DEFI NE VI EW/ XLI M=0. 25: 0. 75/ YLI M=0. 25: 0. 75/ TEXT=1/ AXES mi d
yes? SET VI EW m d
yes? PLOI/VS/ HLI M=-1: 1/ VLI M=-1: 1/ LINE/ 1 =1: 200 cos(i/15),sin(i/15)
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DEFINE VIEWPORT/TEXT=

Controls shrinkage (or expansion) of text.

yes? DEFI NE VI EWPORT/ TEXT=n vi ew_nane

In some cases text appearance may become unacceptable due to viewport size and aspect
specifications. A value of 1 produces text of the same size asin the full window; 0<n<1
shrinks the text; n > 1 enlarges text. Sensible values go up to about 2. When the qualifier
ITEXT isomitted, Ferret computes a text size that is appropriate to the size of the viewport.

Note that /TEXT modifies the prominence of the text through manipulation of axis lengths
rather than through direct manipulation of the many text size specifications. A low value of
text prominence produces axes that are "long" (as seen with SHOW SYMBOLS, p. 209, or

PPL LIST XAXIS, p. 174), making the (fixed size) text appear |ess prominent.

Symbols are defined for all plots (new in Version 5.80 of Ferret), to give access to details of
the current viewport settings including the scale factor. These are set for user-defined
viewports and also for the pre-defined viewports

The symbols are: VP WIDTH, VP_HEIGHT, VP_SCALE, VP_XLO, VP_XHI, VP _YLO,
VP _YHI, VP_RT_MARGIN, and VP_TOP_MARGIN. They are defined as follows. </P>
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When aviewport is defined by a command like:

yes? DEFI NE VI EWPORT/ XLI M=x1 o: xyi / YLI Mryl o: yhi / TEXT=n ny_vi ewport
yes? SET VI EW ny_vi ewport

or,

yes? set viewport right ! a pre-defined viewport

The symbolsVP_XLO, VP_XHI, VP_YLO, and VP_YHI</B> are the argumentsto /XLIM
and /YLIM.

VP_SCALE isrelated to the DEFINE VIEWPORT/TEXT qualifier, if used, or to the default
scaling if /TEXT isnot used in the viewport definition. The viewport sizeis given by either
the value of the argument to DEF VIEW/TEXT=, or if no /TEXT qualifier is used, then the
viewport sizeis calculated as SQRT((xhi-xl0)) * (yhi-ylo)). The scale factor that is used on the
viewport width, height, and origin location is what we return in the symbol VP_SCALE:

VP_SCALE = 1.0 / SQRT( ABS(viewport size) )

Symbols VP_RT_MARGIN and VP_TOP_MARGIN are also defined, for convenience. These
are the space remaining on the page at the right and the top, beyond the ends of the x and y
axes; note thatPPL$X ORG and PPL$Y ORG are symbols that already give usthe left and
bottom margin sizes.

All of the lengths given by PPLSXLEN, PPL$Y LEN, PPL$XORG, PPL$Y ORG, VP_WIDTH,
and VP_HEIGHT are scaled by VP_SCALE. For example, showing only the relevant symbols
from the SHOW SYMBOL S output:

yes? set view ur
yes? show synbol s

PPL$XLEN = "5.012"
PPLSYLEN = "3. 423"
PPL$XCORG = "1. 200"
PPLSYCORG = "1. 400"

PPL$W DTH = "10. 20"
PPL$HEI GHT = " 8. 800"

VP_W DTH = "7.212"
VP_HEI GHT = "6. 223"

VP_SCALE = "1. 414"



VP_RT_MARG N = "1"
VP_TOP_MARG N = "1. 4"
5|I

VP_XLO = "0.
VP_XH = "1"
VP_YLO = "0.5
VP_YH = "1"

yes? list (" ($ppl $xlen)” + " ($ppl $xorg) " +
“($vp_rt_margin) )/ ($vp_scale)”
I-> |ist (5.012 + 1.2 + 1)/1.414
VARI ABLE : (5.012 + 1.2 + 1)/1.414
5.100

yes? list (" ($ppl $ylen)” + " ($ppl $yorg) ™ +
“($vp_top_margin) )/ ($vp_scale)”
I-> list (3.423 + 1.4 + 1.4)/1.414
VARI ABLE : (3.423 + 1.4 + 1.4)/1.414
4.401

and, 5.1 ishalf of PPL$WIDTH, the width of the entire plot page, 4.4 is half of
$PPL$HEIGHT, the height of the plot page.

DEFINE VIEWPORT/CLIP=

Thisqualifier is obsolete; see XLIMITS=and /Y LIMITS= (above). Specifies the location of
the upper right corner of the viewport.

DEFINE VIEWPORT/ORIGIN=

Thisqualifier is obsolete; see /XLIMITS=and /YLIMITS= (above). Specifies the location of
the lower left corner of the viewport.

DEFINE VIEWPORT/SIZE=

This qualifier is obsolete; see /XLIMITS and /YLIMITS (above). Specifies the scaling factor
to use relative to the size of the full window.

Ref Sec5. ELIF



The ELIF command is a part of Ferret's conditional command execution capability: IF-THEN-
ELIF-ELSE-ENDIF. Itisvalid only inside of an IF block. See further description under the IF
command (p. 333) in this Commands Reference section.

Ref Sec6. ELSE

The EL SE command is a part of Ferret's conditional command execution capability: |F-THEN-
ELIF-ELSE-ENDIF. Itisvalid only inside of an IF block. See further description under the IF
command (p. 333) in this Commands Reference section.

Ref Sec7. ENDIF

The ENDIF command is a part of Ferret's conditional command execution capability: IF-
THEN-ELIF-ELSE-ENDIF. Itisvalid only inside of an IF block. See further description under
the IF command (p. 333) in this Commands Reference section.

Ref Sec8. EXIT
/LOOP/SCRIPT/PROMPT/PROGRAM/COMMAND
When issued interactively this command terminates program Ferret.

When executed within acommand file, with no qualifiers, this command terminates the
execution of the command file and returns control to the level in Ferret that executed thefile
(the user or another command file).

"QUIT" inacommand fileisan aias for EXIT without aqualifier. It will exit the current
script, or the program if you are at the Ferret prompt.

Command qualifiersfor EXIT:
EXIT/LOOP

When executed from within aloop, Ferret will stop execution of that loop and return to the



level in Ferret which executed the loop.
EXIT/SCRIPT

When executed from within a script, this command will terminate theexecution of that script
and return control to the level in Ferret which executed the script (either the user or another
command file).

EXIT/PROMPT

When executed at any point, either in a script or loop, this command will immediately
terminate execution and Ferret will return to the'yes?' prompt and return control to the user.

EXIT/PROGRAM
EXIT/COMMAND_FILE

When executed from within a command file EXIT/COMMAND_FILE or EXIT/PROGRAM
forces an immediate exit from Ferret without returning control to the user or another command
file.

Ref Sec9. FILE

The FILE command isan aliasfor SET DATA/EZ (p.373). All qualifiers and restrictions are
identical to SET DATA/EZ

Example:
yes? FI LE/ VARI ABLES="u, v" vel ociti es. dat

Isequivalent to
yes? SET DATA/ EZ/ VARI ABLES="u, v" vel ociti es. dat

Ref Sec10. FILL

Aliasfor CONTOUR/FILL (p. 306), color-filled contour plot. All qualifiers and restrictions are
identical to CONTOUR/FILL.



Example:
yes? FILL/ PAL=l and_sea etopo60

IS equivalent to
yes? CONTOUR/ FI LL/ PAL=l and_sea etopo60

Inacurvilinear coordinate system (map projections)

yes? FILL[/qualifiers] expressi on, xcoords, ycoords (see p. 201)

Ref Secll. FRAME

/[FORMAT /FILE

Saves the current graphics display image as a frame in the movie file initialized with the
command SET MOVIE. FRAME isalso aqualifier for the "action" commands PLOT,
CONTOUR, POLYGON, SHADE, VECTOR and WIRE.

yes? CONTOUR my_var

yes? FRAME
Note that FRAME follows a command which creates an image.
FRAME/FORMAT=format controls the format of the file produced.

FRAME/FORMAT=HDF appends an HDF raster 8 drawn to the specified or implied input
file. The default format is HDF.

FRAME/FORMAT=qif creates anew gif file, any existing gif file with the specified or
implied name using relative version number or less. Note that in this mode of grabbing an
Image Ferret creates a gif by requesting the image back from your screen (your X server). This
means that the X server normally has to be configured as pseudo-color. An aternative
approach which does not share this restriction is to start Ferret with "ferret -gif" (see p. 6)

FRAME/FIL E=filename specifies the name of the output file. If /FORMAT is not specified
the output format is inferred from filename extensions of .hdf, .HDF, .gif, or .gif.



The maximum filename length, including path, that is allowable is 255 characters.

Ref Secl2. GO
IHELP

Executes alist of commands stored in afile.

yes? GO fil e_nane

If no filename extension is specified a default of .jnl will be assumed. If the full pathis
specified then the filename must be enclosed in double quotation marks.

The GO command can pass arguments to the script (tool) it executes. See the introductory
chapter, section "Writing GO Tools" (p. 23) for more information. Arguments to the GO
command may be separated by blanks or commas. To specify multiple words asa single
argument, enclose them in quotation marks. To specify an argument that is deliberately
omitted, use" " or two consecutive commas.

The response of Ferret to errors encountered during execution of the command fileis
determined by mode IGNORE_ERRORS. (See command SET MODE, p. 380.)

The echoing of command file linesis controlled by mode VERIFY .

The GO command understands a special syntax called "relative version numbers.” If a
filenameis specified for the GO command which has a version value of zero or lessitsvalueis
interpreted as relative to the current highest version number. See the chapter “Computing
Environment”, section “ Relative version numbers’ (p. 242) for a discussion of relative version

numbers of files.

Note: The command SET MODE IGNORE_ERRORS is useful when rerunning past sessions
which may have errors.

/HELP
The command GO/HEL P filename opens the named script with the Unix "more" command

and displays the first 20 lines of the named file. Use this command to quickly see the
documentation in a GO script.



Ref Sec13. HELP

On Unix systems interactive Ferret help is available from the command line with the
commands Fapropos, Fhelp, and Ftoc. If multiple windows are not available on your system
the ~Z key can be used to suspend the current Ferret session and access the help; the Unix
command "fg" will then restore the suspended session.

See the introductory chapter, section "Unix on-line help" (p. 30) for more information.

Ref Secl4. |F

Ferret provides an |F-THEN-EL SE syntax to allow conditional execution of commands.

In addition Ferret uses an "masking" |F-THEN-EL SE syntax for masking. These share
keywords but have different usage.

Ref Secl4.1. IF-THEN-EL SE conditional execution

This syntax may be used in two styles—single line and multi-line. In both the single and multi-
line styles the true or false of the IF condition is determined by case-insensitive recognition of
one of these options:

TRUE condition:

. avalid, non-zero numerica value
. TRUE

. T

. YES

. Y

FALSE condition:

. azerovaue
. aninvalid embedded expression (see next paragraph)



. FALSE

. F

. NO

« N

. BAD

. MISSING

Examples:

IF i GI' 5 THEN SAY "I is too big" ENDIF

writes message if the value of | is greater than 5

| F ($yes_or_no) THEN GO yes_script ELSE GO no_scri pt

executes yes script or no_script according to the value of the symbol yes or_no

| F ($dset % coads>TRUE| % THEN GO ny_pl ot

executes the script my_plot.jnl only if the symbol dset contains the exact string "coads"

IF i LT 3° THEN
GO option_1
ELIF i LT 6 THEN
GO option_2
ELSE
GO option_3
ENDI F

uses the multi-line IF syntax to select among GO scripts.

Embedded (grave accent) expressions can be used in conjunction with the | F syntax. For
example, '3 GT 2" (Isthree greater than 2?) evaluatesto "1" (TRUE) and "3 LT 2" (Isthreeless
than 2?) evaluatesto "0" (FALSE). If the result of a grave accent expression isinvalid, for
example division by zero asin "1/0’, the string "bad" is, by default, generated. Thusinvalid
expressions are regarded as FAL SE.

Symbol substitution permits | F decisions to be based on text-based conditions. Suppose, for
example, the symbol ($DSET) contains a string: either coads or levitus. Then an IF condition
could test for coads using ($DSET%|coads>TRUE|%* >FAL SE%).

| F ($DSET% coads>TRUE| *>FALSEY) THEN
GO cscri pt



ELSE
QO I scri pt
ENDI F

The singleline style allows IF-THEN-EL SE logic to be applied on asingle line. For example,
to make a plot only when the surface (Z=0) temperature exceeds 22 degrees we might use

| F * TEMP[ X=160W Y=2N, Z=0] GT 22" THEN PLOT TEMP[ X=160W Y=2N]
The single line syntax may be any of the following:

IF condition THEN clause 1

IF condition THEN clause 1 ENDIF

IF condition THEN clause 1 ELSE clause 2

IF condition THEN clause 1 ELSE clause 2 ENDIF

Note that both ELSE and ENDIF are optional in the single line syntax. Groups of commands
enclosed in parentheses and separated by semicolons can be used as clause 1 or asclause 2.
Thereisno ELIF (pronounced "else if") statement in the single line syntax. However, IF
conditions can be nested asin

IF il GIT' 5 THEN (IF "j1 LT 4° THEN go option_1 ELSE go option_2)

The multi-line style expands the I F capabilities by adding the ELIF statement. Multi-line IF
statement follows the pattern

I F condition_1 THEN
clause_1 line_1

clause_ 1 line 2

ELI F condition_2 THEN

clause 2 line_ 1

ELI F condition_3 THEN



ELSE

ENDI F

Note that THEN is optional at the end of IF and ELIF statements but the ENDIF statement is
required to close the entire IF block. Single line | F statements may be included inside of multi-
line IF blocks.

Nested multi-line IF statements may fail, as the command parser attempts to evaluate all of the
statements. Thus this sequence does not work: the first condition “($event GE 0)" evaluatesto
false, but Ferret still triesto parsetheline "t1LT tlast’

nested.jnl:

DEFI NE SYMBOL event = -1
let t1 =9

IF " ($event) GE 0° THEN
LET tlast = 12
IF "t1 LT tlast® THEN
LET t2 = 8*tl| ast
LIST t1, t2
ENDI F
ENDI F

yes? go nested

**ERROR: vari abl e unknown or not in data set: TLAST

There are anumber of workarounds: put the commands inside the IF into their own script, use
nested variable definitions, or write the inner |F clause as a single-line command, which will
be entirely skipped when thefirst IF condition fails:

DEFI NE SYMBOL event = -1
LET t1 =9

IF “($evnt) GE OO THEN

( LET tlast = 12; IF "t1 LT tlast™ THEN \
LET t2 = tlast;\
LIST t1,t2)

ENDI F



Ref Sec14.2. IF-THEN-EL SE logic for masking

Ferret expressions can contain embedded |F-THEN-EL SE logic. The syntax of the IF-THEN
logic issimply (by example)

LET a = IF al GI' b THEN al ELSE a2

This syntax is especially useful in creating masks that can be used to perform calcul ations over
regions of arbitrary shape. For example, we can compute the average air-sea temperature
difference in regions of high wind speed using thislogic:

SET DATA coads_cl i nat ol ogy

SET REGQ OV X=100W 0/ Y=0: 80N T=15- JAN
LET fast_wind = I F wspd GT 10 THEN 1
LET tdiff = airt - sst

LET fast tdiff = tdiff * fast_w nd

We can also make compound |IF-THEN statements. The parentheses are included here for
clarity, but are not necessary. Multi-line IF-THEN-EL SE constructs are not allowed in
embedded logic

LET a = IF (b GT' ¢ AND b LT d) THEN e
LET a = 1F (b GT' ¢ OR b LT d) THEN e
LET a = I1F (b GI' ¢ AND b LT d) THEN e ELSE q

The user may find it clearer to think of thislogic as WHERE-THEN-EL SE to aviod confusion
with the IF used to control conditional execution of commands.

Ref Sec15. LABEL

/INOUSER

Places alabel on the current plot; alias for PPL %LABEL. %LABEL isone of PPLUS's
primitive plot commands. It places alabel on the plot immediately after being issued (rather
than deferring placement). PPLUS does not assign numbers to labels created with LABEL, so



they cannot be manipulated as movable labels. The label can aso be placed on the plot using
the mouse to point and click (see the chapter "Customizing Plots’, section "Positioning labels
using the mouse pointer,” p. 179).

yes? LABEL xpos, ypos, center, angle, size t ext

XPOS, ypos position in user units (world coordinates)
center -1 left justification (the default)
0 centered

1 right justification
angle angle in degrees, 0 degrees at 3 o'clock (default 0)

size size of text in inches (default 0.12)

See the chapter "Customizing Plots’, section "Labels’ (p. 173) for examples.

Command qualifiersfor LABEL:
LABEL/NOUSER

Locates labelsin inchesinstead of user units (xpos and ypos are specified in inches rather than
in world coordinates).

Ref Secl6. LET

The LET command isan aliasfor DEFINE VARIABLE (p.322). All qualifiers and restrictions
areidentical to DEFINE VARIABLE.

Example:



yes? LET A = B
IS equivalent to
yes? DEFINE VARI ABLE A = B

Ref Secl7. LIST

MMIKIL IXIYIZIT D NLIMITS/ILIMITS /KLIMITS/LLIMITS/XLIMITS/YLIMITS
[ZLIMITS/TLIMIT /APPEND /FILE /[FORMAT /HEADING /NOHEAD /TITLE /ORDER
/RIGID /PRECISION /CLOBBER /SINGLE /QUIET /WIDTH /EDGES/BOUNDS

Produces alisting of the indicated data.

LI ST[/qualifiers] [expression_1 , expression_2 , ...]

Example:

yes? LIST/Z=10 u , v , ur2 + v"2
Lists the 3 quantities specified using the current default data set and region (at depth 10).
Parameters

Expressions may be any valid expression. See the chapter "V ariables and Expressions’, section
"Expressions’ (p. 65) for adefinition of valid expressions. If multiple variables or expressions

are specified they may be listed together in columns or in sequence depending on the /SINGLY
gualifier. The expression(s) will be inferred from the current context if omitted from the
command line.

If multiple expressions are given on the command line and /SINGLY is not specified, then the
expressions must be conformable. See the chapter "V ariables and Expressions’, section "Multi-
dimensional expressions’ (p. 67) for adefinition of conformable expressions. Degenerate or

single point axis limits will be promoted up (values repeated) as needed.
Example:

yes? LIST/I1=1:3/J=1:2 i+j, i

Command qualifiersfor LIST:



LIST/I=13=/K=/L=/X=/Y=/[Z=IT=

Specifies value or range of axis subscripts (I, J, K, or L), or axis coordinates (X, Y, Z, or T) to
be used when evaluating the expression(s) being listed.

LIST/ILIMITS=/JLIMITS=/KLIMITS=/LLIMITS=

Specifies the size of the desired NetCDF output file independently from the actual data being
saved. By specifying axis limitsin excess of the saved expression'slimitsit is possible to
/APPEND data later. (See the chapter "Converting to NetCDF", section "Simple Conversions
Using Ferret," p. 245, ex. 4).

LIST/XLIMITS=/YLIMITS=/ZLIMITS=/TLIMITS=

Specifies the size of the desired NetCDF output file independently from the actual data being
saved. By specifying axis limitsin excess of the saved expression'slimitsit is possible to
/APPEND data later. (See the chapter "Converting to NetCDF", section "Simple Conversions
Using Ferret," p. 245, ex. 4).

LIST/D=

Specifies the default data set to be used when evaluating the expression(s) being listed.

1LIST/APPEND

Usethis qualifier together with the /FILE qualifier to indicate that the listed data should be
appended to a pre-existing file. If no file exists by the name indicated a new fileis created.
This qualifier is not applicable to /[FORMAT=GT. When used with/[FORMAT=CDF it permits
any datain the file to be overwritten, new variables to be added to the file, and appending of
new indices along the T axis of the variables in the file. To append slabs of datain other
dimensions, see the example in the NetCDF chapter (p. 246). Thisqualifier overridesthe

command CANCEL LIST/APPEND.
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LIST/FILE [=file_name]

Names afile to receive the listed data. If /FILE is specified with no name then the default name
Isused from the SET LIST/FILE command.

Example:

yes? LI ST/FILE=ny file.dat sst[D=coads_clinatol ogy]
See command SET LIST (p. 377) for further information on automatic filename generation.

LIST/CLOBBER

Used with LIST/FILE. Indicatesthat any existing file with the name used is to be deleted,
before writing. If CLOBBER is not specified and the file exists, and error message is given.

Example:

yes? LI ST/FILE=ny _file.dat/ CLOBBER sst[ D=coads_cl i nat ol ogy]

LIST/FORMAT=
Specifies an output format ( =format_choice) for the data to be listed.

yes? SET LI ST/ FORVAT=f or mat _choi ce
or
yes? SET LI ST/ FORVAT  (useformat set by SET LIST/FORMAT)

Format choices:
FORTRAN format produces ASCII output

"UNFORMATTED" produces unformatted (binary) output using FORTRAN record
structure



"CDF" produces NetCDF format output

"GT" produces TMAP GT format

"STREAM" produces unstructured binary floating point (C-style)
"tab" produces tab-delimited output

"comma’ produces comma-delimited output

This command has the same function as SET LIST/FORMAT except that it does not affect
future LIST commands. See command SET LIST/FORMAT (p. 378) for detailed

documentation.
Notesfor LIST/FORMAT:

1) All output values, regardless of the /FORMAT designation, will be of type single
precision floating point. For FORTRAN output formats this means all numerical field
specifiersmust be "F', "E", or "G".

2) For FORTRAN-formatted and UNFORMATTED (binary) output, the contents of asingle
output "record" are determined by the /ORDER qualifier. For example, each record will be a
line of Y valuesfor LIST/ORDER=Y X. If /ORDER is omitted, the records will be the first
output axis of greater than unity length taken in the order X, Y, Z, then T. FORTRAN-
formatted output records may be further split by the usual rules of FORTRAN output
formatting.

3) FORTRAN formats must be enclosed in parentheses. If blanks are included in the format
it must be enclosed in quotation marks. Output strings are permitted in the format.

Example:

yes? LI ST/ FORVAT=("The tenperature is:", F6.3) sst[X=180, Y=0]

4) When FORTRAN formats are used, and more than one value per record is desired, the
/ORDER qualifier ( p341) must be used, even if the variable is defined along only one axis.



Example:

yes? LI ST/ FORVAT=( 8F6. 3)/ ORDER=T sst[X=180, Y=0]

5) Thedefault listing style includes labels for the rows and columns of the output. When a
FORTRAN format is specified, these |abels are omitted.

6) On Unix systemsthe /[FORMAT=UNFORMATTED specifier produces FORTRAN-style
variable-length records. On most implementations this means that a 4-byte field containing the
record length begins and ends each record of data.

7) Thecommand alias SAVE is provided for the commonly used LIST/FORMAT=CDF.
NetCDF outputs are self-documenting, including grid definitions. The output files can be used
as input with the command USE—alias for SET DATA/FORMAT=CDF. See command
SAVE (p. 363) for further notes about NetCDF files.

8) For tab and comma foratted output, the coordinates are checked to see if the default format
gives enough precision to distinguish all of the coordinates. For fine grids, the coordinates are
output with enough digits to distinguish them. This may result in the coordinates not lining up
with the columns of the variable values.

LIST/BOUNDS

Only valid for NetCDF output (LIST/FORMAT=cdf). Outputs the data, including the bounds
attribute on all of its axes. The bounds attribute is used by default on all irregular axes, for
Ferret ersion 5.70 and later. See the comments under SAVE (p. 365).

LIST/EDGES

Only valid for NetCDF output (LIST/FORMAT=cdf). Outputs the data, having the edges
attribute on all of its axes.

LIST/HEAD

For ASCII data listings this command determines whether to precede the listing with a heading
describing data set, variable and region. This qualifier overridesthe CANCEL LIST/HEAD
command. Starting with Ferret version 5.4 the default heading output of the list command is
expanded to include the filename, file path, and complete information on the subset of the data
that'slisted. See the example under LIST/WIDTH= (p. 342)



LIST/HEADING[=ENHANCED]

For ASCII data listings this qualifier determines whether to precede the listing with a heading
that describes the data set, variable, and region. This qualifier overrides the CANCEL
LIST/HEAD command. When the argument /HEADING=ENHANCED is used a self-
documenting heading is provided that includes the axis coordinates.

For NetCDF output files (alias SAVE) the/HEADING=ENHANCED option causes the
NetCDF file structure to include extra coordinate information that describes how the particular
data subset being written fits within the broader coordinate system of the grid from which itis

extracted. When a NetCDF file with an enhanced heading is accessed by Ferret (using SET
DATA or USE) the index values will appear to be consistent with the parent data set.

LIST/NOHEAD

Does not precede listing with a heading describing data set, variable and region. This qualifier
overridesthe SET LIST/HEAD command.

LIST/ORDER=

Specifies the order (ORDER=permutation) in which axes are to be laid out in the listing.

Examples:
yes? LI ST/ ORDER=XY sst I' X varies fastest
yes? LI ST/ ORDER=YX sst 'Y varies fastest

The "permutation” string may be any permutation of the letters X, Y, Z, and T. /ORDER is
applicable only to /FORMAT=unf and FORTRAN formats.

Note that a 1-dimensional list will, by default, place only one value per record. The /ORDER
qualifier can cause the 1-dimensional list to occur in asingle record. For example,

LI ST/1=1:5 |

will list as 5 records whereas

LIST/1=1:5 / ORDER=X |



will list 5 values on a single record.

LIST/PRECISION=#

Controlsthe digit precision of LIST output

Using the qualifier /PRECISION=#digits the output precision of the LIST command may be

easily controlled. This qualifier functions exactly as does the SET LIST/PRECISION=
command but it applies only to the current command.

LIST/QUIET

Using the qualifier /QUIET will prevent the message "L1STing to file XXXX. XXXX" from
being displayed.

LIST/RIGID

Valid only with/FORMAT=CDF. Indicates that Ferret should not create a NetCDF "record"
axis as the time axis for any of the variables listed with this command. Time axes are, instead,
of fixed length and the /APPEND qualifier is not usable to extend the listing.

LIST/SINGLY

This qualifier isrelevant only when multiple expressions are specified in the LIST command.
When the /SINGLY qualifier is specified the entire listing of each expression including
(optional) heading and all datais completed before proceeding to the next expression.

By default the expressions are not listed singly—each line contains one value of each
expression. The qualifier has no effect if only asingle expression is specified. If the /FILE
qualifier is specified to use automatic filename generation and /APPEND is not specified, then
each expression islisted to a separatefile.

LIST/TITLE="titlestring"

Valid only with/FORMAT=CDF. Causes the global attribute "title" to be defined in a NetCDF
file, thereby setting itstitle.



LIST/WIDTH=columns

For multi-column output, controls the width of the listing on the page so the output lineisno
longer than "columns' characters.

Example:

yes? USE coads_cl i mat ol ogy
yes? LI ST/ L=1/ W DTH=50/ Y=0: 4 sst
VARI ABLE : SEA SURFACE TEMPERATURE (Deg O
DATA SET : COADS Monthly d i matol ogy (1946-1989)
FI LENAVE : coads_cl i mat ol ogy. des
FI LEPATH : /hone/ja9/tmap/fer_dsets/descr/
SUBSET : 180 by 2 points (LONG TUDE- LATI TUDE)
TI VE : 16- JAN 06: 00
listing every 36th point
21E 93E 165E 123W 51W

1 37 73 109 145
3N [ 4T: ... 28.30 29.04 25.36 27.49
IN / 46: ... 28.29 29.12 24.82 27.49

yes? list/|l=1/w d=70/y=0:4 sst
VARI ABLE : SEA SURFACE TEMPERATURE (Deg O
DATA SET : COADS Monthly d i matol ogy (1946-1989)
FI LENAVE : coads_cl i mat ol ogy. des
FI LEPATH : /hone/ja9/tmap/ fer_dsets/descr/
SUBSET : 180 by 2 points (LONG TUDE- LATI TUDE)
TI ME . 16-JAN 06: 00
listing every 23th point
21E 67E 113E 159E 155W 109w 63W 17W

1 24 47 70 93 116 139 162
3N [ 4T: ... 28.15 27.54 29.09 26.90 25.34 .... 27.58
IN / 46: .... 28.18 ... 29.24 26.49 24.90 .... 27.05v

Ref Sec18. LOAD

MIK/L IXIYIZIT ID INAME /PERMANENT /TEMPORARY



L oads a variable or expression into memory.

yes? LOAD[/qualifiers] [expression_1 , expression_2 , ...]

L oading may speed execution of later commands that will require the loaded data. Ofteniitis
helpful to LOAD alarge region of data encompassing several small regionsin which the
analysis will be pursued.

Load interacts with the current context exactly as other "action" commands CONTOUR,
PLOT, SHADE, VECTOR, LIST, etc. do.

Parameters

Expressions may be any valid expression. See the chapter "Variables and Expressions’, section
"Expressions’ (p. 65) for adefinition of valid expressions. If multiple variables or expressions
are specified they are treated in sequence. The expression(s) will be inferred from the current
context if omitted from the command line.

Command qualifiersfor LOAD:

LOAD/I=/3=IK=/L=/X=/Y=/Z=IT=

Specifies value or range of axis subscripts (1, J, K, or L), or axis coordinates (X, Y, Z, or T) to
be used when evaluating the expression(s) being loaded.

LOAD/D=

Specifies the default data set to be used when evaluating the expression(s) being |oaded.

LOAD/NAME

Obsolete. Provided for compatibility with much older Ferret versions.

LOAD/PERMANENT



Data loaded with LOAD/PERMANENT are kept in memory until aLOAD/TEMPORARY
command is given that refers to the same data. See command LOAD/TEMPORARY (p. 344).

Note that this command may cause memory fragmentation. It should generally be given
immediately following CANCEL MEMORY and preferably is used only to load file variables
(as opposed to expressions).

LOAD/TEMPORARY (default)

Dataloaded with LOAD or LOAD/TEMPORARY is brought into memory but may be
unloaded based on a priority scheme of |east recent use when memory space is required.

Ref Sec19. MESSAGE

/CONTINUE /QUIET /JJOURNAL /ERROR

Displays a message at the terminal.

yes? MESSAGE text

By default a carriage return is required from the keyboard for program execution to continue
(used to halt the execution of acommand file). PAUSE isan aiasfor MESSAGE.

Command qualifiersfor MESSAGE:
MESSAGE/CONTINUE

Continues program execution following the display of the message text without waiting for a
carriage return from the operator. SAY isan aliasfor MESSAGE/CONTINUE.

MESSAGE/JOURNAL

Writes the message to the journal file.



MESSAGE/ERROR

Writes the message to standard error.

MESSAGE/QUIET

Waits for a carriage return from the operator but does not supply a prompt for it.

Ref Sec20. PALETTE

Aliasfor PPL SHASET SPECTRUM=. Specifies or restores the default color.

yes? PALETTE pal _nane

The argument is the name of a palette file. Many palettes are included in the Ferret
distribution. Try the Unix command "Fpalette *" to see alist of available palette files.

Some of the palettes are designed for particular needs. "centered.spk”, for example, emphasizes
the contrast between positive and negative shade levels. "land_sea.spk" uses blue tones for
negative values and browns and greens for positive values, making it suitable for topography

displays.

Palette files end in the file suffix .spk, but the suffix is not necessary when specifying a palette.
Use@ try pal ette pal nane todisplay apalette. The GO files "exact_color.jnl" and
"squeeze _colors.jnl" can be used to modify palettes. Y ou can aso create new palette files with
atext editor. See the chapter "Customizing Plots’, section "Shade and fill colors" (p. 184) for

the format of a palette file.

PALETTE with no argument restores the default palette. When you use the qualifier
/PALETTE=in conjunction with /SET_UP, PPLUS makes the specified color spectrum the
new default palette, and all subsequent shaded or color-filled plots will use that palette as the
default. To restore the previous palette to the default, use PALETTE with no argument after
your customization.

To assist you in choosing a good palette for your plot, thereisan FAQ, How can | find agood
color palette for my plot? at
http://ferret.pmel .noaa.gov/Ferret/FA Q/graphics/col orpal ettes.html



http://ferret.pmel.noaa.gov/Ferret/FAQ/graphics/colorpalettes.html
http://ferret.pmel.noaa.gov/Ferret/FAQ/graphics/colorpalettes.html

Ref Sec21l. PATTERN

Aliasfor PPL PATSET PATTERN=. Specifies or restores the default pattern.

yes? PATTERN patt_ nane

The argument is the name of a pattern file. Many patterns are included in the Ferret
distribution. Try the Unix command "Fpattern *" to see alist of available pattern files.

Ferret has the capability to make color fill plots using solid color only, and also with colors
laid on in patterns .

The PATTERN command sets the patterns to be used in a plot generated with the SHADE,
FILL and POLY GON commands. It is similar to the PALETTE command, which sets colors,
but the PALETTE and PATTERN commands act independently.

When Ferret is started up, only one pattern is set, SOLID. The SOLID pattern is equivalent to
not using any pattern, and SHADE, FILL and POLY GON fill their cells with solid color.

Pattern files end in the file suffix .pat, but use of the suffix is not necessary when specifying a
pattern. Use GO show pattern patt _nane todisplay the patterns specified in a pattern
file. GO show al | _patt er ns drawsaplot showing all the available pattern files and their
names. Notice that patterns can be used with asingle color, or multiple colors, depending
entirely on the PALETTE specification.

A pattern file may specify one or more patterns. If there are fewer patterns specified in a
pattern file than there are levelsin a particular plot, the patterns will be repeated.

Ref Sec22. PAUSE

Aliasfor MESSAGE (p. 344)

Ref Sec23. PLOT
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MJIK/L IXIYIZIT IOVERLAY/ SET_UP/FRAME /D/ TRANPOSE/ VS/ SYMBOL/
NOLABEL /LINE/COLOR /THICKNES/SIZE /HLIMITS/VLIMITS/TITLE /STEP
INOAXES/DASH /INOYADJUS/AXES/HLOG /VLOG /INOKEY

Produces aline plot.

yes? PLOT[/qualifiers] [expression_1 , expression_2 , ...]

The indicated expression(s) must represent aline (not a plane) of data (PLOT/VSisan
exception). Unlessthe /VS qualifier is used, the independent variable is the underlying
coordinate axis for this line of data.

Example:

yes? PLOI/|=1:100 sst

produces a time series plot of the first 100 points of sst.

Parameters

The argument(s) for PLOT specify the variable or expression to be plotted.

When the /VS qualifier is used the indicated expressions may have any geometry in 4D space
but they must match in the total number of pointsin each expression. The points are
associated in the order of their underlying axes. When the /VS qudlifier is not used the
indicated expression(s) must describe aline (not a plane) of data.

The expression(s) are inferred from the current context if omitted from the command line—i.e.,
If no expression is given then the argument most recently given is used, or the default
expression may be explicitly set with SET EXPRESSION.

When Ferret plots multiple data lines simultaneously, PPLUS automatically cycles through pen
colors and symbols, creating up to 26 distinct line types. Try GO line_samples to see samples
of these styles.

Command qualifiersfor PLOT:
PLOT/1=/J=/K=/L=/X=IY=/Z=IT=

Specifies value or range of axis subscripts (I, J, K, or L), or axis coordinates (X, Y, Z, or T) to
be used when evaluating the expression(s) being plotted.
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PLOT/D=

Specifies the default data set to be used when evaluating the expression(s) being plotted.

PLOT/FRAME

Causes the graphic image produced to be captured as an animation frame and written to the
movie file specified by SET MOVIE. In genera the FRAME command (p. 331) is more

flexible and we recommend its use rather than this qualifier.

PLOT/COLOR=/THICKNESS=

Simple syntax for line plots. For line plotsitis possible with these qualifiersto control line
thickness and color with commands such as

yes? PLOT/ COLOR=bl ue/ THI CK=2 | [i =1: 3]

Thisis equivalent to the (still supported) use of the /LINE qualifiersin

yes? PLOI/LINE=10 I[i=1:3] ! 4(blue) + 6*(2-1)

The available color names are Black, Red, Green, Blue, LightBlue, Purple, and White (not case
sensitive), corresponding to the /LINE values 1-6, respectively. (/COLOR also accepts
numerical values.) The line thickness may be 1, 2, or 3 corresponding to pixel thickness on the
screen or corresponding to multiples of the default line thickness on hard copy. Note that
White is only available for THICKNESS=1 (the default thickness).

Prior to Ferret v5.80, /THICK with no accompanying /COLOR plotted all linesin black.
Starting with v5.80 PLOT/THICK for plot lines overlaid on the same plot cycles through the
colors Black, Red, Green, Blue, LightBlue and Purple. PLOT//THICK alone produces six in
thickness 2 and six in thickness 3.

When plotting a number of lines together with PLOT/OVER/COLOR=/THICKNESS= the
default behavior isfor symbols to be plotted starting with the seventh line plotted. To plot
lines only, add the /LINE qualifier.



PLOT/COLOR=/THICKNESS=/SYMBOL=/SIZE=

Simple syntax for plots using symbols. For symbol (scatter) plots (PLOT/VS or
PLOT/SYMBOL), control the color, size, and line thickness of the symbols with commands
such as:

yes? PLOT/ COLOR=r ed/ THI CKNESS=2/ SYMBOL=4/ Sl ZE=0. 2 | [i =1: 5]

The available color names are Black, Red, Green, Blue, LightBlue, Purple, and White (not case
sensitive), corresponding to the /LINE values 1-6, respectively. (/COLOR also accepts
numerical values.) The line thickness may be 1, 2, or 3 corresponding to pixel thickness on the
screen or corresponding to multiples of the default line thickness on hard copy; note that White
iIsonly available in the default THICKNESS=1. The/SIZE isgivenin units of "inches",
consistent with the PLOT+ usage of "inches'. (These are the same unitsasin, say, "ppl axlen
8,6", to specify plot axes of lengths 8 and 6 inches for horizontal and vertical axes,

respectively.)
PLOT/DASHI[=]

(New qalifier with version 5.4) Simple syntax control over the dash characteristics using the
same arguments asin the PPLUS"LINE" command: DOWN1, UP1, DOWNZ2, UP2, where
these areininches. For simple dasheslet DOWN1=DOWN2 and UP1=UP2. For alternating
long and short dashes, make DOWNZ2 longer or shorter. The parentheses are optional.

Example:

yes? PLOT/ DASH | =1: 100 si n(i/5)
yes? PLOT/ OVER/ DASH=( 0. 3, 0. 1, 0. 3, 0. 1) / COLOR=RED/ THI CK/ | =1: 100 si n(i/7)
yes? PLOT/ OVER/ DASH=( 0. 6, 0. 2, 0. 1, 0. 2) / COLOR=RED/ THI CK/ | =1: 100 si n(i/9)

PLOT/LINE[=]

The /LINE qualifier without =n causes the PLOT command to connect the plotted points with a
line regardless of the state of the/SYMBOLS qualifier.

For simpler specification of line characteristics see PLOT/COLOR=/THICKNESS=/DASH=
above ( p. 347) . /[LINE=n specifies a pre-defined line style. "n" is an integer between 1 and 18.
QGO |'i ne_t hi ckness draws samples of the available line styles. Line style"1" isalways a

solid line in the foreground color (black or white). Other line styles are device dependent
(colors or dash patterns). For color devices, n=1-6 draws single-thickness lines each a different
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color. n=7-12 draws double-thick lines in the same color order, and n=13-18 draws triple-
thick lines. See the chapter "Customizing Plots’, section "Text and line colors® (p. 181) for a
chart of the default colors.

If more than 18 different plot lines are drawn using PLOT varl, var2, ... or with PLOT/OVER,
then Ferret starts making symbols on the plots

PLOT/NOLABELS

Suppresses al plot labels.

PLOT/OVERLAY

Causes the indicated field(s) to be overlaid on the existing plot. This qualifier can also be used
to overlay lines or symbols on 2D plots (SHADE, CONTOUR, or VECTOR) provided the axis
scalings are appropriate.

PLOT/SET_UP

Performs all the internal preparations required by program Ferret for plotting but does not
actually render the plot. The command PPL can then be used to make changes to the plot prior
to producing output with the PPL PLOT command. This makes possible certain customizations
that are not possible with Ferret command qualifiers. See the chapter "Customizing Plots" (p.
165).

PLOT/SYMBOL[=]

The/SYMBOL qualifier causes the PLOT command to mark each plotted point with a symbol.
If the /LINE qualifier is given too the symbols are al'so connected with aline; if /[LINE is
omitted no connecting line is drawn.

Optionally, the symbol number may be explicitly specified as an integer value between 1 and
88. Theinteger refers to the PPLUS plot marker numbers (e.g., 1 for x, 3 for +, etc.). Type
"GO show_symbols' and "GO show_88 syms' at the Ferret prompt to see available symbols

and their reference numbers. The symbols are also documented on page 1 of the document
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$FER_DIR/doc/pplus_fonts.ps. The PLOT MARK font can be accessed using the font code
@PM.

PLOT/SYMBOL=DOT
This command uses the smallest dot that can be represented on the display device. Note that
the dots may not show up well on all devices.

PLOT/TITLE=

Allows user to specify aplot title (enclosed in quotation marks). Without this qualifier Ferret
selects atitle based on information about the expression(s).

PLOT/TRANSPOSE

Causes the horizontal and vertical axes to be interchanged. By default the X axisis drawn
horizontally on the plot and the Y and Z axes are drawn vertically. For Y-Z plotsthe Z data
axisisvertical by default.

PLOT/VS

Specifies that the first expression given in the command lineis to be used as the independent
axis.

Example:

yes? PLOT/ Y=20S: 20N X=180/ T=27740: 27741/ Z=100/VS tenp , salt

Produces a plot of salinity (vertical axis) against temperature (horizontal axis) along the
indicated range of latitudes and times. The plot will be labeled "salt”; the vertical (dependent)
variable is the one that determines the key. The qualifier ' TRANSPOSE can be used in
conjunction with /V S to further manipulate the labeling and axis orientation.

PLOT/VSimplies/SYMBOL by default to produce scatter plots. Use PLOT/VSLINE to
produce aline plot, and PLOT/VS/DASH[=] to plot adash line and optionally set its
characterigtics.

PLOT/STEP[=CONNECTED]



PLOT/STEP give aplot stylethat is consistent with grid cell interpretation of data.Thisis
especially useful for time series to show the span of each time bin. /STEP=CONNECTED
draws aline segment between the steps.

PLOT/HLIMITS=

Specifies axis range and tic interval for the horizontal axis. Without this qualifier Ferret selects
areasonable range.

yes? PLOT/HLIM TS=lo: hi:[increment] [expression(s)]

The optional "increment” parameter determines tic mark spacing on the axis. If the increment
IS negative, the axisis reversed.

The/HLIMITS and /VLIMITS qualifiers will retain their "horizontal" and "vertical"
interpretations in the presence of the /TRANSPOSE qualifier. Thus, the addition of
ITRAN